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We knew going in that 
the new Intrepid ES would 
be different. That it wouldnt 
look or act like the others in 
its class. And sure T 
the press has singled _ 
itout...for its шй 
dramatic cab- 0705 SPODU За KA 
forward design. a | LES ausi 
Forthewayit | Ww 
handles the road. ROS | 
For its exceptional (4 a om f 


‘ Шш 
room and comfort. V : 222 os Буй, 


And for thoughtful — a 


$i - 


touches like its available ete 
integrated child seat, and Anton il 

irbags for t “ P те D " 
standard airbags for the 9A ten hile: CH" The Year 
driver and front passenger. 


Intrepid has been called -Automobile Magazine 
everything from innovative to 
revolutionary. And now that 
weve seen whats possible in a 
four-door sedan, we can't see 
building one any other way. 


e Standard driver e? front passenger 
airbags 


e Available anti-lock brakes e 


traction control 
© Available integrated child seat 
e Standard rear seat beat e? air ducts 


e Available automatic temperature 
control system 


e Standard four-wheel independent 
suspension 


e Available 5.5 liter, 214 horsepower, 
24-valve overhead cam V-6 


e Choice of warranties: 7/70 powertrain 
or 3/56 bumper-to-bumper. See these 
limited warranties е? restrictions at 
dealer. Excludes normal maintenance, 
adjustments e? wear itema. 


Select 
Features 


e For still more information, 


call 1-800-4-A-DODGE 


\ | Y. ў "THE NEw DODGE A DIVISION OF THE CHRYSLER CORPORATION 


"One Of The Ten Best.’ 


-Car and Driver 
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Intrepid ES 


“A Best Buy.’ 
“Best Of Whats New- -Motor Trend 
ar Of The Year.’ 


-Popular Sctence 


Buckle up for safety. 


ODGE INTREPID 
IS SO RADICALLY 
DIFFERENT. 
THE PRESS HAS 
STARTED CALLING 
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Who was the 
keman? 


SCIENCE 
A frozen corpse found in a glacier in the AND TECHNOLOGY 
southern Alps is the oldest intact human Geence newstront 19 
body ever discovered. Scientists around the | | "Ln re 
world are now studying the Iceman and his Who was the Iceman?................. 46 
surprisingly sophisticated clothing and The lightning stalker.....................53 


tools for clues about how people lived 5,300 The light 75 
years ago. ео 


ERS 

"me 53 amo ES NICS 
The lightning stalker Electronics newsfront........28 
Dazzling shows debut new “a 


Most of us fear and avoid lightning—and for 
good reason. Warren Faidley, the world’s 
preeminent lightning photographer, makes a 
career of pursuing this beautiful but deadly 
phenomenon. Here’s how Faidley does 
it—and how you can too. 
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Slicing hundreds of pounds from today’s 
cars is the key to delivering both excep- 
tional performance and efficiency. Ford un- 
veils an aluminum concept car that shaves a HOME PRODUCTS 
third of the weight from its Taurus/Sable chassis. AND TECHNOLOGY 
| 3 n 


The promise of aluminum: 
The 50-mpg family sedan......... 76 
Car test: 4-pickup showdown .......83 
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Slow going for Slow going for smart homes....... 
smart homes 


If these houses are so smart, why aren't AD DITIONAL FEATURES 
they here yet? In spite of years of costly From the editor... rennes 
research and development by industry Readers talk БаскК............................ 
MEE rem Eo iq eme و‎ Product information................... 


revolution is nowhere in sight. 
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| bought it because 
[ adore brass. 
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Few things blend style and performance as But dont let the good looks fool you. 
harmoniously as a Moen faucet. Like every Moen faucet, its built to last, 

A point that is clearly demonstrated by our with our exclusive washerless cartridge, backed by 
TOUCH CONTROL" lavatory faucet, shown here. a lifetime limited warranty against leaks and drips. 

Brilliantly styled in polished brass, it adds a And that makes for a shipshape bathroom 


beautiful touch to any decor. all the way around. 


See your Moen dealer or call us at 1-800-553-6636. 


| bought it because 
| cant stand leaks. 


This One 


Buy it for looks. Buy it for life (ШЇ 
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© 1992 MOEN, Incorporated 


From The Editor 


uring their annual summer thaw, 
the glaciers of Europe occasional- 


an odd artifact from World War II. 
What the Tyrolean Oetzaler Alps pro- 
duced on Sept. 19, 1991, however, 


ranks as the archaeological find of the | 


century: the incredibly well-preserved 
frozen corpse of a man who lived some 
5,900 years ago. - 

Since his discov- 
ery, the Iceman 
| Austrians call Oetzi 
has been the sub- 
ject of intense scru- 
tiny by researchers 
using CAT scans 
and other high-tech 
forensic tools. And 
for almost as long, 
free-lance writer 
Sandy Fritz has 
closely followed the 
investigation. In 
our cover story, 
Fritz and illustra- 
tor Mark Zug pro- 
vide a vivid profile 
of the Iceman and 


ly liberate historic relics such as | 


ing for the golden age of “smart” homes 
to begin. Langreth reveals that the ful- 
ly integrated, intelligent house is long 
on promise—a decade or more—but 
way short, at the moment, on results. 
Perhaps the potential is overblown 
or, at the least, misunderstood. For the 
time being, it seems that the average 
consumer has no desire to spend thou- 
sands of dollars for 
the wall-to-wall au- 
tomation systems 
the fledgling indus- 
try has pursued. A 
few hundred bucks 
for some clearly de- 
fined, easy-to-live- 
with applications 
such as home securi- 
ty or energy efficien- 
cy will do just fine, 
thank you. Beyond a 
tiny handful of such 
well-targeted appli- 
cations, and not in- 
cluding the any- 
thing-goes excesses 
Sof the luxury mar- 
Е 5 ket, home automa- 


European life in the = tion remains a solu- 
late Stone Age. mE 5 tion in search of a 

| Back in the mod- The frozen body of a man should shed new problem. 
ern world, author light on life in Neolithic times. Some of our read- 


Reinhardt Krause 

informs us that the power curve for the 
portable electronic gadgets more and 
more people can’t seem to leave home 
without—computers, video cameras, 
| cellular phones—is about to take a dra- 
matic turn upward. 

Until recently, most of the wizardry 
of such products has focused on mak- 
ing them more energy-efficient, while 
advances in their power sources—bat- 
teries—have lagged behind. Now, exot- 
ic materials, innovative designs, and 
new packaging are resulting in sharply 
higher energy densities. That means 
more operating time as well as less 
worry that the battery will discharge 
when not in use. Here's the story on 
new-age lithium-ion batteries and 
nickel metal-hydride designs that 
promise to succeed today's generation 
of nickel-cadmium rechargeables. 


f only there were as much progress 
on the home-automation horizon. 
Recently, Associate Editor Robert 
Langreth spent several days at a con- 
ference of experts in this field to find 
out why we're still watching and wait- 
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ers have asked about 
the POPULAR SCIENCE videotape series 
that the magazine has offered for the 
last few months. Here's the back- 
ground: A few years ago, a friend in- 
quired about the availability of the 
newsreel-style short subject films from 
the 1930s, '40s, and '50s he remem- 
bered seeing in movie theaters way 
back when. Produced by Paramount 
Pictures, these films were nominated 


for five Academy Awards. We located | 


the original films, more than 30 hours' 
worth, at the Shields Archives in Los 
Angeles. They're entertaining, humor- 
ous, and nostalgic time capsules of sci- 
ence news from a bygone era. We've 
tried to represent each decade of the 
film series with 10-to-15 four-minute 
short subjects. If you would like to or- 
der one, or the three-volume set, call 
1-800-848-9091. 
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INCREDIBLE. 
Now You Can Get 81/2 x11 
WORD PROCESSING 
Our Or A 4x/ WIZARD 


INTRODUCING THE TOUCH-SCREEN Wizard 9600, 


With BUILT-IN WORD PROCESSING. 

With just one touch, the extraordinary Wizard 02-9600 electronic 
organizer from Sharp can change the way you manage your life. It replaces your 
notebook computer, diary, address book, clock, notepad and other clutter. 

\ And gives you the power to write and print letters, connect to E-mail, send faxes, 
) draw sketches, do spreadsheets, exchange information and much, much more. 
[ TRUE WoRD PROCESSING. Type comfortably on a large keyboard. Select page 
| layouts, multiple fonts, bold-face, underline and italicize. Then print directly to 
; any standard PC printer with a wireless interface. 

1 REVOLUTIONARY TOUCH-SCREEN. Simply point, draw or move data 

5 around with just a touch of a pen or finger on the 96005 large LCD 

i touch-screen. 

\ AMAZING FILER. Just like a file folder. Collect information into a 

t folder with a keyword and label it for easy retrieval or transfer. 

J UNIQUE ScRAPBOOK. Conveniently jot down numbers, sketch, write 

) or doodle directly onto the screen and then store for later use. 

| INGENIOUS INFRARED. Lets you instantly send and receive information 
t from other 9600s, Macs? PCs or standard PC printers — without wires. 
| IMPRESSIVE EXPANDABILITY. Over 30 optional software cards 

i including business, telecommunications, reference, entertainment 

; applications. You can add memory, safely back-up data, even do a 

| Lotus 123* file compatible spreadsheet, 

But we've only touched on the power, portability and simplicity 

! of this remarkable organizer. EO ona gp 
For full details, call for your free brochure now: к= а 25 | R68 Inc Forse L j> 
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mere Talk Back 


on ELECTRONICS SPECIAL SPECIAL: TECH тү | | К 
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Pertinent points 


The opening statement of "Super- 
| conductivity Goes to Sea" [Nov. '92]— 
^With no propellers to slow them down, 
ships and submarines powered by su- 
perconducting electromagnets may one 
day cross oceans in record time"—is 
absurd. The fastest ship in the world, 
the U.S. Navy SES 100B 100-ton test 
craft, achieved 92 knots, more than 
100 mph, with propellers. Also, your 
statement that it took 130 years for 
| Watts steam engine to be put to practi- 
cal use on a ship is incorrect. Watt in- 
vented the separate-condenser steam 
engine in 1765, and it was used in a 
tugboat in 1807. In 1819, steam ships 
crossed the Atlantic. 
John L. Allison, Chief Engineer 
Band, Lavis & Associates 
Severna Park, Md. 


Reader Allison is right that advances 
in propellers have overcome cavitation 
limitation—a restriction on the speed 
at which hydraulic machinery can run 
without vibration, noise, erosion of me- 
tal parts, and the loss of efficiency. We 
should also have caught the error 
about the Watt's steam engine. What is 
true is that it took more than 100 years 
for steam power to completely supplant 
sails for ships. The first crossing of the 
Atlantic that reader Allison refers to 
was actually by a ship using both sails 
and a steam engine. Sailing ships out- 
ran steam-powered ships on sea voy- 
ages until the mid-1800s. Steam tech- 
nology developed in niche applications. 
The developers of the Yamato envision 
a similar course for magnetohydrody- 
namic technology.—Dennis Normile 
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You ignored the largest government- 
funded industrial program in the 
United States in the area of magneto- 
hydrodynamic submarine propulsion. 


Textron Defense Systems, along with | 
its principal subcontractor, General | 


Dynamics Space Systems Division, has 
been conducting a research and devel- 
opment program in this area since 
1987. Textron performed the initial 
concept evaluation studies, which con- 
cluded that the annular thruster de- 
sign was the preferred configuration 
for magnetohydrodynamic submarine 
propulsion systems. Subsequently, oth- 
ers may have copied this approach and 
used it in their designs. 
Daniel W. Swallom, Director 
Military Power and Propulsion Programs 
Textron Defense Systems 
Everett, Mass. 


Rock jocks 


Since when was antimatter (“Asteroid 
Watchers,” Sept. '92] no longer consid- 
ered theoretical? 

Dan Butler, Mercer, Pa. 


The positron (or antielectron) was first | 


observed in 1932 by U.S. physicist Carl 


Anderson, for which he won the 1936 | 


Nobel Prize in Physics. In 1959, Emilio 


Segre and Owen Chamberlain won the | 
Nobel Prize for confirming the existence | 


of the antiproton. No one, however, has 
yet created a whole atom or molecule 
of antimatter. Several groups are work- 
ing on synthesizing atoms of anti- 
hydrogen.—Robert Langreth 


When I approached the end of “Aster- 
oid Watchers,” it seemed as though Dr. 


Jekyll’s Mr. Hyde had entered your | 


word processor. You suddenly adopted 


a cynical attitude toward asteroid 


threats; ridiculed the work of great sci- 
entists such as Edward Teller, who are 
attempting to deal with this possibility 
realistically; and counseled readers not 
to worry because we probably would 
have decades or centuries to prepare 
for a collision. You seem to think we 
should look for potential collision- 
bound objects rather than, more 
important, plan for action should a 
disaster occur. 

Robert L. Tice, Vancouver, Wa. 


Address letters to Readers Talk Back, POPULAR SCIENCE, 2 
Park Ave., New York, N.Y. 10016. Or fax your letter to us at 
212-481-8062. Letters may be edited for space and clarity. 
We regret that we cannot answer unpublished letters. 
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SOMETIMES 
THE BIGGEST OPPORTUNITIES 
ARE THE HARDEST TO SEE. 


Would you know a great oppor- however. And that's a pity. today's most sought-after high-tech 
tunity if you saw one? Because it's more than an elu- specialties, as well as the chance to 
Take a look at the aircraft pic- sive new fighter. It's the culmination continue your education. 
tured above. Now some of you might of years of research and develop- So if you're looking for the high 
recognize it as the F-117A Stealth ment and dozens of separate tech- technology world of tomorrow, call 


Fighter, hero of Desert Storm and nologies. Everything from materials —1-800-423-USAF today. You could be 
America's most famous disappear- testing and avionics to propulsion in for an eye-opening experience. 
ing act and design. AIM HIGH 


We'd venture to say fewer see it But it's just one part of an excit- 
as a golden career opportunity, ing world. One that offers over 200 of “FORCE 
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EDITED BY MARCELLE M. SOVIERO AND JUDITH ANNE YEAPLE 


CLEAN SCOOTER 
A prototype 100cc motor scooter that runs on compressed natural gas (CNG) stored 
under the seat cuts carbon monoxide emissions by 25 percent and carbon dioxide 

emissions by 30 percent, say Japanese developers Suzuki Motor Co. and Toho Gas 
Co. Production is likely only if CNG stations become widespread; the Japanese gov- 
ernment plans to subsidize up to 2,000 alternative-tuel stations by the year 2000. 
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CLEVER 
CAMCORDER 


Hitachi's VM-H39 1.3-pound cam- 
corder features a color viewfinder, 
digital signal processing, instant 
focusing, and a digital zoom lens 
that extends the 16X optical zoom 
to a 64X digital zoom. Special 
circuitry enables the unit to record 
for wide-screen TVs in the 16-10-9 
aspect ratio. Price: $1,800. 


SOLAR SAILOR 


The jet propulsion system on Honda's prototype Sun Fun canoe is driven by a 
0.62-kilowatt direct-current motor powered by lead-zinc batteries. Solar cells on 
the deck and outrigger provide additional power. The 16-oot-long, two-passen- 
ger canoe is made of carboniber plastic and has a top speed of five knots. 


Sharp's 07-9600 Wizard electronic 
organizer incorporates pen-input, 
touch-screen technology for its lig- 
|  uid«rystaldisplay screen. The unit 
contains a word processor, 
spreadsheet, calendar, and to- 
do list—all accessed by way 
of on-screen icons. The 
$649 device accom- 
modates RAM cards, such 
as а dictionary or trans- 
lator, and communicates 
wirelessly with other 
07-96005. 


EFFICIENT THE SHRINKING CAR 


ANALYZER Renault's prototype electric Zoom shrinks by 21 inches—to just 6.9 feet-to 

а squeeze into small parking spaces. Electric motors pivot the back axle and mudguard 
A new analyzer requires just one assembly, shortening the wheelbase and simultaneously raising the body nine 
drop of blood to perform an array of inches. The two-seater has a 25-kilowatt auto-synchronous alternating-current mo- 
medical tests, including measure- tor and a nickelkcadmium battery pack. Production could start within three years. 


ments of cholesterol, fats, and glu- 
cose. A disc is spun in a centrifuge to 
draw the blood sample into compart- 
ments at the disc’s edge, where it in- 
teracts with reagents. It was de- 
veloped at the Department of 
Energy's Oak Ridge National 
Laboratory in Tennessee. 


TOM CERNMIGLIO / OAK RIDGE NATIONAL LABORATORY 


=? Foip-uP GRILL 
ue The 1,600-watt Express Health Grill adjusts to accommodate even the 
ut thickest of steaks, grilling both sides at once. Both halves of the unit 
can also be laid flat for a wider cooking surface. The appliance 
>, has three temperature and cooking settings and costs 
v | $110. Tal Corp., 208 Passaic Ave., Fairfield NJ 
07004. 


TALK TO 
YOUR VCR , 


The first of its kind, the VCR Voice 
Programmer lets you use voice com- 
mands to program your VCR. The lig- 
uid-crystal display prompts you for 
the channel, day, and program 
time. The battery-powered unit 
learns up to four voic 
es and costs $169. 
Voice Powered Tech- 


nology, 19725 
ON-ROAD Sherman Way, 
NAVIGATOR Canoga Park 


Wayfinder is a digital electron- Алаш. 
ic compass powered by a 
lithium battery that can be 
used inside or outside of 
your car. The three-ounce 
device uses а microprocessor 
to correct for the magnetic 
fields produced by cars, which con- 
" fuse normal compasses. À memory sys- 
tem keeps track of which direction you 
started from. Price: $100. Precision 
Navigation, 1350 Pear Ave., Suite A, 
Mountain View CA 04043. 


TOUCH-TYPE 
CONTROLLER 


The Turbo Touch 360 video-game 
controller has a touch-sensitive con- 
trol pad instead of a joystick or push 
button, improving control and mini- 
mizing jerky motions. Three models 
are available for the Sega Genesis, 
Super Nintendo, and NES game sys- 
tems, with prices ranging from $25 
to $35. Triax Controls, 11 Computer 
Dr. W., Albany NY 12205. 
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MASTER COMMUNICATIONS GROUP 


FASTER THAN pem 


Capable of speeds approaching 125 mph, the X2000 high-speed train begins ser- 
vice this year between Washington, D.C., New York, and Boston. The Swedish- 
built train uses independently pivoting axles to handle curves in existing tracks. A 
hydraulic suspension system reduces centrifugal forces on passengers. ABB 
Traction, Elmira Heights NY 14903. 
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Two computer keyboards promise more 
comfortable typing positions for hands and 
wrists, reducing the likelihood of repeti- 
tive-motion disorders. Both maintain the 
standard QWERTY arrangement, and 
manufacturers claim the keyboards can be mas- 
tered by typists in just a few days. The $249 Vertical (is from 
Spencer/Albert (Box 2636, La Jolla СА 92038). The $675 Comfort Keyboard 
System was designed by Health Care Keyboard Co. (N82 W15340 Appleton 
Ave., Menomonee Falls WI 53051). 


The one-speed Long Haul Workbike is custom-designed for courier companies or 
individuals with up to 200-pound loads. The $1,195 bike has a lockable fiber- 
glass container option that fits over the front rack. Other custom models, such as 
the Express for pizza delivery and bikes with varying speeds, are also available. 
Human-Powered Machines, Box 1005, Eugene OR 97440. 


LEVEL OF SIGNIFICANCE 
Zircon’s Ultralevel 10 indicates level and plumb two ways: with an intuitive liquid- 
crystal display and an audible cue. The їеп-іпсћ electronic level has builtin magnets 
plus a groove that runs the length of its base to help center the device on pipes. 
The $36 tool also indicates when its batteries are low. Zircon Corp., 1580 Dell 
Ave., Campbell CA 95008. 


Buick LeSabre. 
Family Circle 
Magazines 
Domestic Family Car 


of the Year. 


Domestic Family Car of ка 


the Year. 
American families 
put first things first. 


And, according to Family Circle 


magazine, in a survey involving 


thousands of American families, 


Buick LeSabre rated first among 
domestic car buyers. 

LeSabre rated first in 
dependability. First in safety. 
First in value for the money. 
First in satisfaction with the 
dealer. First in performance. 
First in appearance. Ànd 


first in comfort. 

In fact, Buick LeSabre 
finished first in seven 
out of eight important 
categories. LeSabre was even 
preferred over America's most 
popular mini-vans. And this 
is the verdict of the toughest 
panel of judges anywhere: 
American families. 


BUICK 
The New Symbol For Quality 
In America. 


LeSabre: the best-selling 
full-size car in America" 

The thoughtfully designed 
LeSabre has won another top 
honor: It is the best-selling 
full-size car in America. 

Buick LeSabre. It's rated first 
by American families, because 
at Buick, we put quality first. 

Call 1-800-4A-BUICK for 
more information or see your 
dealer for a test drive today. 
*1992 model year new car registrations. 


r Buckle up, America! 
©1992 GM Corp. All rights reserved. | 
LeSabre is a registered trademark of GM Corp. | 


Built for Jaguar by JaguarSport in 
Bloxham, England, the 1993 XJR-S 
features a 60-degree V12 engine 
and a revised suspension system. 
Only 100 cars are available in the 
United States. The price of the 
coupe is $73,000; a convertible 
costs $80,100. 


A new, thin liquid«crystal-display panel means 
Sharp's clamshellstyle 4E-L1 television 
measures only about 1.2 by 4.9 by 4.9 inches 
when closed. Sharp claims the set has lower 
screen reflectivity and increased brightness for 
viewing even in a welHit room. Only available in 
Japan, the TV sells for about 5600. 


Wave the Easykey before a scanner on your front door, and 
the door opens automatically. The reader senses the key's in- 
put signal and transmits it to the control unit; a microcomput- 
er operates the door release. Each key has 1 of 68 billion 
possible electronic combinations. S. Seidle & Sohne, Box 20, 
Bregstr. 1, 7743 Furtwangen 1, Germany. 


ROLL-OUT SIDEWALK 


Portapath strips form a solid, durable walkway over muddy or rough areas for 
pedestrians or light vehicles. The green polypropylene treads clip together 
lengthwise and side-to-side to suit site require- 
ments. One $30 roll covers approximate- 
ly ten square feet. Portapath is im- 
ported by Teletek Industries 

(400 Madison Ave. Suite 1011, 
New York NY 10017). 


WORKSHOP SIDEKICK 


The Sidekick Frame and Trim saw performs crosscuts, miters, bevels, and com- 

pound cuts—nearly everything but rip cuts. Equipped with a 1 2-ampere, 5,500- 
rpm motor, ће $500 saw handles 1*/zinch stock up to 12 inches wide at 90 de- 
grees. Delta International Machinery Corp., 246 Alpha Dr., Pittsburgh РА 15238. 
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` America comes to Radio Shack 


Trust your nearby Radio Shack to supply the batteries you need for nearly any application. 
We sell millions every week, so they're guaranteed fresh and strong when you buy them. 
We're #1 in USA sales of rechargeables. And we'll give you 10% off the price of three or 
more packs of our alkaline ENERCELL® batteries every day. Even if you need that hard- 
to-find type, we'll rush it to you through our ''hotline" service. Radie Sh ack 
Come in and discover why 50 million satisfied customers shop A MERICA'S 


our 6600 nationwide stores every year. We're Americas TECHNOLOGY 
battery headquarters. Nobody Compares! STORE " 


COMPACT 
Saab's 24-valve six-cylinder 
engine has a 54-degree V, 
making it lighter and more 
compact than the usual 
60-degree layout. 
Designed by General 
МӘ Моїог Opel division in 
Germany and built in 
Britain by Vauxhall, the 
2.5iter 170-hp engine is earmarked 
for the two companies" midrange 
Cavalier and Vectra cars, respectively, in 
the spring of this year. 


e 
E. 
ы J 


Lockheed Corp. unveiled this early, 
speculative glimpse of the proposed 
AX fighter to be used by both the 
Navy and Air Force, eventually replac- 
ing the F117, F111, and F-15E. 

The design concept incorporates tech- 
nologies derived from the F22 (form- 
erly the YF-22) [“Fast, Agile, Stealthy 
Supercruisers,” April '91] and variable 
geometry wings. The military is cur- 
rently finalizing the operational require- 
ments for the AX; the fighter could 
possibly go into operation by 2007. 


Place this flashlight in the sun and its photovoltaic panels charge nicke-cadmium bat- 
teries for about 1'/2 hours of use after dark. The $27 light needs six to eight hours 
of sunlight to recharge, or the batteries can be charged with a three-volt direct-current 
adapter (not included). Berk International, Box 5294, Garden Grove CA 92645. 
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The EG63SAC side-entry surge protec- 
for allows you to push your furniture 
two inches closer to the wall. An 
alarm on the six-outlet device sounds 
when the unit needs replacement. NEN —— — 4 
Price: $25. Intermatic, Intermatic | 
Plaza, Spring Grove IL 60081. | 


SOUND OF 
SILENCE 


These wind deflectors attach to 
bicycle helmet straps, reducing wind 
discomfort and noise while amplify- 
ing sounds from rear-approaching 
traffic. Available in assorted colors, 
Silencers cost $12 a pair. New York 
Design Studio, 601 Jarvis Ave., 
West Lawrence NY 11691. 


LOCKHEED CORP. 


EXACTING 
ROUTER 
Bosch's model 161 4EVS router 
features a remarkably precise 
depth adjustment— it's accu- 
rate to 0.004 inches. The $260 
machine is equipped with a 1 Vr 
hp motor designed to maintain the 
selected speed (from 12,000 to 
23,000 rpm) under full load. Robert 


Bosch Power Tool Corp., 100 Bosch 
Blvd., New Bern NC 28562-4097. 


Shown smaller than actual size. 
Pumper: 83$" L. Scale 1:32. Base: 4" L gm... 
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The powerful 4-cylinder motor. 


The National Fire Museum Presents the 1:32 Scale 
Precision-Engineered Die-Cast Model of the Fire Engine 
That Made Firefighting History. 

They called it one of the greatest fire engines of all time. Powerful, 
durable and reliable. 

It was the 1922 Ahrens-Fox R-K-4 Pumper, one of the most innovative 
engines. Distinguished by its huge multiplex piston pumps mounted di- 
rectly over the front axle and covered by the famed silver pressure dome. 
It was this feature — and the ability of the engine to deliver 600 gallons of 
water per minute —that made the Ahrens-Fox a welcome sight wherever 
fire brought its awesome and destructive powers. 

Now, Franklin Mint Precision Models,” with The National Fire Mu- 
seum, presents an extraordinary die-cast model of this famed fire truck. 
Expertly crafted in 1:32 scale with over 150 separate parts. With operable 
steering and road wheels. And impressive detail like the chrome-plated 
pressure dome, the real wood running boards, rear deck and dashboard — 
and authentic fire-engine red paint. 

The 1922 Ahrens-Fox R-K-4 Pumper. It's an exciting opportunity to 
bring the most famed firefighter in history into your home or office. And it's 
being presented by The National Fire Museum. Just $195. Includes a 
handsome wood display base with a solid brass name plaque. 

RETURN ASSURANCE POLICY 
If you wish to return any Franklin Mint Precision Models purchase, you 
may do so within 30 days of your receipt of that purchase for replacement, 
credit or refund. 


The interior features a real wood dash. 
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ORDER FORM 
Please mail by February 28, 1993. 
The National Fire Museum 
C/o Franklin Mint Precision Models 
Franklin Center, PA 19091-0001 


Yes! Send me the die-cast model of the 1922 Ahrens-Fox 
R-K-4 Pumper. My imported model will be sent to me fully 
assembled, including a handsome display base. 

| need SEND NO MONEY NOW. When my model is ready 
to be sent to me, | will be billed for a deposit of $39 Then, 
after shipment, | will be billed for the balance in 4 equal 
monthly installments of $39 * “Plus my state sales tax and 


a one-time charge of $3. for shipping and handling 
SIGNATURE 
MR/MRS/MISS 
ADDRESS 
CITY/STATE 


TELEPHONE # | 
12043-6THN- 43 


Franklin Mint 
Precision Models: 
Simply Miles Ahead. 


| | 
WHATS NEW | 


TRIM SAW 


Skil's handy 3*/sinch cordless saws are meant to handle light carpentry 

jobs—such as trim work or plastic pipe ond tile cutting —that don’t require the 
depth of cut or power of a fullsize circular saw. Equipped with a 12-volt battery, 
the models 2976 and 2977 (below) provide a 14-inch depth of cut at 90 de- 
grees and an angle of cut of up to 
50 degrees. Price: about $165. 
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The Aston Martin Vantage is equipped with an al-alloy, 5.34iter V8 engine that de- 
livers 550 horsepower, enabling the car to reach 60 mph in just 4.6 seconds and 
a top speed of 186 mph. The engine features ignition by two quad«oil packs, in- 
stead of a distributor, and Bosch sequential fuel injection. Aston Martin Lagonda 
Ltd., Tickford St., Newport Pagnell, Bucks MK16 9AN, England. 


CREE Neither helicopter nor airplane, the 
Hawk gyroplane gains lift by catch- 
ing the air with its tilted, freely rotat- 
ing blades as the craft is pushed for- 
ward by a propeller. Its variable- 
pitch rotor enables it to take off and 
land vertically. With a top speed of 
about 160 mph and a 560-mile 
range, designer Groen Brothers 
Aviation says the craft is safer to 
fly than a helicopter and could be 
used for surveillance, crop spraying, 
or transportation. 
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Conventional wisdom says їо leave 
a faucet running to prevent pipes 
from freezing and bursting; 
Freeze /Guard saves water by only 
turning the faucet on when ће wo- 
ter temperature dips dangerously 
low. When the temperature rises to 
safer levels, the $100 device shuts 
the water off. The battery-powered 
guard can be used with an adapter 
to fit both indoor and outdoor 
faucets. KDL Technologies, Box 
1375, Alachua FL 32615. 
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MultiFax accepts and stores two incoming 
fax calls while sending a third, previously 
stored call to the fax machine to be printed. The $1,000 device has one 
megabyte of memory and installs between a phone line and most fax machines. 
Bottom Line Technologies, 506 Pine Needle Dr., Exton PA 19341. 


s^. MITSUBISHI 


Can you spot the Mitsubishi 35" TV in this ad? 
(Hint: its the one sitting behind our new 40”) 


It’s 31% bigger than a 35,’ 11996 bigger than a 27" and 100096 bigger than 
we could show you in this ad. It’s the new Mitsubishi 407 the largest tube television you 
can buy. Once you've seen it, it's kind of hard to see anything else. 


a MITSUBISHI 


TECHNICALLY, ANYTHING IS POSSIBLE" 


| 
J 
| 
| 
| 
| 
| 
1 
| 
| 
| 
i 
| 
| 
| 
1 
| 
+ 
i 
| 


© 1993 Mitsubishi Electronics America, Inc. Curiosity is а good thing. Call 1-800-374-4402 if youd like to hear more about the Mitsubishi 40" 
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Mercury’s ice 


The fiery planet Mer- 
cury, where the tem- 
perature at high noon 
can exceed 750°F, is 
not a place that you 
would expect to find 
ice. The closest planet 
to the sun, this airless, 
cratered world ap- 
pears devoid of any 
water, frozen or other- 
wise. But appearances 
can be deceiving, as 
proven by a team of 
researchers from 
NASA's Jet Propulsion 
Laboratory and the 
California Institute of 
Technology. 

The team used an- 
tennas in Goldstone, 
Calif., and at the Very 
Large Array in So- 
corro, N.M., to map areas of Mercury not 
imaged by past spacecraft encounters. 
surprisingly, radar waves returning 
from Mercury' polar regions carried the 
telltale signature of frozen water. “The 


| polar [ice] discovery was completely 
| serendipitous," says Martin Slade, a 


| member of the radar imaging team. 


While the ice may date back to the for- 


| mation of the planet, it is more likely a 


| later arrival. “We think the ice was de- 
| posited during an intensive per- 


| susceptible to cracking. Carolyn Dry, an 


iod of outgassing," Slade explains. 


. Comets are a less likely source for the 


water, because their high-velocity 
impacts leave little material behind. 
Mercury's ice clings to the floors of 
deep craters. At the planet's poles, the 
blistering sunlight strikes at such a low 
angle that it never reaches the shad- 
owed crater basins. Slade says the ice is 
covered by a protective layer of dust that 
prevents it from vaporizing. As team 
member Brian Butler puts it, “You 
would need to bring a shovel and a flash- 
light to see it." Ice may occasionally be 
uncovered by landslides or meteor im- 
pacts, but once exposed it dissipates in 
the relentless vacuum of space. 


—Michael Carroll 


Self-healing concrete 


Although concrete is an excellent build- 
ing material because of its ability to 
withstand stress and compression, it is 
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associate professor of architecture at the 
University of Illinois at Urbana-Cham- 
paign, and Victor Li, a professor of civil 
and environmental engineering at the 
University of Michigan, have invented a 
"smart" form of concrete that can detect 
and repair its own cracks. 

"Smart materials respond to changes 
in the environment automatically," says 
Dry. "Nature is the inspiration— natu- 
ral materials always respond to changes 
over time." 

Hollow, coated, porous fibers filled 
with adhesive liquids are distributed 
throughout the smart concrete con- 
ceived by Dry and Li. When the con- 
crete cracks, the fiber coatings also rup- 
ture, releasing compounds that expand 
to fill in the crevices. 


Shaded from ил! striking a low angle, quies Mercury's polar regions contain ice. 
In this painting, a landslide exposes ice that is normally covered with dust. 


instead of larger, more 
metals into the mix, Li 


slowly than conventional 
concrete ["Concrete That 
Bends,” Feb. '91]. 

Smart concrete is likely 
to require less mainte- 
nance and repair work 
and could also improve 
the safety of structures 
in which it is used. Dry 
and Li, whose research 1s 
See, funded by the National 
з Science Foundation, 
= have made samples of 
= smart concrete in the 
= laboratory, but it will be 
= at least two years before 

the material is commer- 

cially available. 

In cases where con- 
crete is not smart enough to repair it- 
self, Mary Sansalone, an associate pro- 
fessor of civil and environmental engi- 
neering at Cornell University, has 
developed an instrument that can de- 
tect flaws in concrete without boring 
holes in it. The instrument, called the 
Defect Orientation Confirmation Tester, 
emits low-frequency sound waves that 
travel into a structure and then reflect 
back from the flaws, feeding informa- 
tion to a laptop computer. Engineers 
can use the instrument to map defects 
and then decide what types of repairs 
are needed.—Je/f Wallach 


New monkey 


In the dense primary rain forest of 


Smart concrete may also contain a | Brazil's Amazonas state, scientists have 


form of preventive medicine. 
Steel reinforcing bars, or re- 
bars, are often used to 
strengthen concrete, but re- 
bars corrode in the presence 
of road salt and seawater. 
Dry is wrapping rebars with 
coated fibers that will release 
anticorrosive chemicals when 
exposed to the chloride ions 
in salt. 

Dry and Li are incorporat- 


ing these self-healing capabil- The Rios Mavés mar- Marco Schwarz, a Swiss 
ities into a new form of con- moset, a newly discov- — primatologist living in 
crete that responds to envi- ered primate spedes, Brazil, was the first to see 
ronmental stresses by livesin the Brazilian the Rio Maués marmoset. 
producing only micro-cracks Amazon. Schwarz and Russell Mit- 


spotted a new species of mar- 
i moset. Named Callithrix 
mauesi because it was found 
near the Rios Maués, a tribu- 
tary of the Amazon, the mar- 
= moset has distinctive, “neatly 
© trimmed" ear tufts and is 
= darker than similar species. 
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= dangered, according to scien- 
| tists who have observed it in 
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= It does not appear to be en- | 


catastrophic fractures. | 
By adding polymers and | 


has created a less brittle | 
concrete that cracks more | 


At Nissan, we un- 
derstand that a day 
filled with water bal- 


loon fights, temper 


tantrums and potty 


training,can give any 


parent jagged nerves. 


Which is why 


everything in the 


new Nissan Quest "has 


been designed to 


soothe and pamper. 


Your fingertips 
settle on a steering 


wheel graced with 


fine leather. Your eyes 
gaze at easy-to-read 


analog instruments. 


And your ears are 
lulled by an advanced 
AM/FM audio cas- 
sette system: 

Cruise control' 
and an optional sun- 


гоо "are available so 


on the scenery instead that the controls to 


of the speedometer: the power windows, 
Attention to егро- door locks and mir- 


rors are nestled in 


nomics is so complete 


the drivers side door’ 


Of course we in- 
tend to spoil your 
children as well. 

A second row of 
luxurious captains 
chairs" is provided 


to keep your kids 


And since we 
know how much kids 
enjoy playing musical 
chairs, we designed 
our QUEST TRAC 
Flexible Seating System 
to be reconfigured 
up to 24 different ways!" 
In fact, you can re- 
move the second row 
and by simply flip- 
ping a lever you can 
slide the third row 
into five different 
positions along the 
QUEST TRAC. 

Which means 
with the new Nissan 
Quest a parent can 
finally sit back and 
relax until, that is, 
your kids start mak- 


ing faces at the car 


from squirming about. behind you. 


To keep them 
entertained, the sec- 
ond row even has its 
own set" of air con- 
ditioning controls, 
headphone jacks 


and audio controls. 


— R— 
The New Nissan 
Quest 
E 


Its time to 
expect more from 


ammivan: 


wear their seat belts. *GXE model **Optional on СХЕ model ‘Optional on XE model, standard on СХЕ, "СХЕ with optional 2nd-row captain’ chairs. 


Science Newsfront 


termeier, a primatologist who is presi- 
dent of a Washington, D.C.-based en- 
vironmental group called Conserva- 
tion International, announced the 
find a few months ago in the Brazilian 


| scientific journal Goeldiana. 


"The discovery of a new primate 
species in the Central Amazon attests 
to the vast diversity of life on Earth 
that remains unknown to us and 
shows how ignorant we still are of our 
fellow species—even fairly well-studied 
groups like our closest relatives, the 
primates,” says Mittermeier. “Finding 
a new tropical beetle is not surprising, 
but discovery of a new primate is some- 


| thing special." 


Brazil is home to 68 primate species, 
more than are found in any other coun- 


| try. All but one of the 15 species of Cal- 
| lithrix, a South American group of 


monkeys commonly known as mar- 


| mosets, are native to Brazil. 


| Wave watching 


At the Cable Station Beach near Perth, 
Australia, frustrated surfers see action 
only a few times a year. But that may 
change: Scientists at the University of 
Western Australia's Centre for Water 
Research are studying a 40:1 scale 
model of the beach's natural offshore 
reef. The researchers say that modifi- 
cations to the height and shape of the 
reef could turn commonplace swell 
waves into the breaking waves prized 
by surfers. 

The 30-by-40-foot indoor reef model, 
equipped with a wave machine, repli- 
cates a scaled-down typical section of 
the Cable Station area. Researchers 
are studying how the bottom topogra- 
phy and horizontal slope affect the 
wave-breaking process. Their tests 
show that the quality of “surfable” hol- 
low waves could be optimized by rais- 
ing the reef eight feet, to within three 
feet of the surface, and by special pro- 
filing of this submerged barrier. 

As the project is currently envisioned, 
submersible bulldozers with engines 
that gulp air through snorkel tubes 
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Using this model reef, researchers are testing 
methods to improve surfing waves at an 


Australian beach. 
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The louvers of this aircraft engine nozzle open during subsonic flight reduce noise by mixing slow- 


moving ambient air with fast-moving exhaust. The exit opening also widens, slowing airflow. 


would prepare the ocean floor for con- 
struction. The reef extension would be 
formed from rocks dropped by barges. 
Held in place by a mesh made from 
synthetic cords, the rocks would be so- 
lidified by pumped-in concrete. 

Government officials and other mem- 
bers of an Artificial Surfing Reef com- 
mittee considering the project have not 
yet commissioned an environmental 
impact assessment. And before the 
proposed reef modification can go for- 
ward, it will need funding from private 
sponsors, as well as approval from the 
local council.—David Scott 


Pump down the volume 


It’s to be big, sophisticated, and very 
fast. But if the National High Speed 
Transport is so noisy that people living 
near runways cant sleep, the engi- 
neers dream will never get off the 
ground. 

The transport, scheduled to debut in 
the year 2005, will seat 300 passen- 
gers, three times as many as the Con- 
corde, for a four-and-a-half-hour flight 
from Los Angeles to Tokyo at speeds up 
to Mach 2.4. Relatively low operating 
costs should make the transport, un- 
like the Concorde, a money-maker 
(“The Next SST,” Feb. '91]. 

But the transport will have to comply 
with strict federal noise standards that 
will take effect in the year 2000. The 
Concorde doesn’t even meet current 
standards. Sonic booms are not a ma- 
jor issue, because the transport will 
usually be over an ocean when it is fly- 
ing faster than the speed of sound. 
What is a concern is the noise the 
transport generates—mostly from the 
exhaust nozzles of its four engines— 
during takeoffs and approaches. 

The higher the speed of the exhaust 
as it leaves a jet engine nozzle, the 


louder the noise. To quiet the exhaust, 
researchers at NASA’s Lewis Research 
Center in Cleveland are developing a | 
nozzle that would slow the high-speed 
exhaust by combining it with relative- 
ly slow-moving ambient air. 

Joe Shaw, deputy chief of the center’s 
propulsion systems division, explains 
that when the aircraft flies at subsonic 
speeds, louvers on the nozzle will open, 
funneling in outside air. This air will 
mix with fast-moving exhaust, slowing 
it down before it exits from the nozzle. 

The NASA nozzle also sports mov- 
able panels that change the size of the 
exit opening. Widening the opening 
lowers the air pressure of the exhaust 
to equal the ambient pressure. This 
prevents noisy shock waves. 

One complication is that the nozzle 
will need to be about 14 feet long and 
seven feet wide—about twice as big as 
a Concorde nozzle. If the nozzle is 
made from conventional materials, the 
added weight will increase fuel costs. 
Researchers therefore are looking for 
lightweight composites that can en- 
dure stress and heat. For a flap that 
will get as hot as 2,400°F, researchers | 
are testing intermetallics such as 
molybdenum disilicide, a mixture of 
silicon and molybdenum.—Ted Scala 


Ammo to go 


If an American M1A1 Abrams tank 
had run out of ammunition during the 
Persian Gulf war, the commander 
would have radioed the base and asked 
for a truck loaded with ammunition to 
meet the tank well behind the fighting 
line. The crews of both vehicles would 
then get out and pass the ammunition, 
one round at a time, from the truck up 
to the top of the tank, and down 
through the hatch into storage racks. 
This is the way it has always been 


096 Off! 


... When you buy two or more Escort detectors: 


For the first time ever, our entire line of radar and laser detectors is available in a “mix or match" sale for savings of nearly $80. 
If you've been waiting for the perfect moment to buy a radar or laser detector, this is it. Just take a look at the potential savings 
when you buy two. All detectors are backed with a 30-day money back guarantee and one-year limited warranty. 


Total Radar and Laser Protection 


Combine Passport 3200 WideBand with 
Passport 1000 Laser for complete radar and 
laser coverage and take nearly $60 off the 
regular price. | 
Was: $298 Now: $238.40 
You save: $59.60 


Complete Radar Protection...For 
Each Car 

Have two cars? Buy the most advanced radar 
detector available today for each and you'll 
save almost $80 on this package. 


Was: $398" Now: $3 18.40 
You save: $79.60 


Two-Band Radar And Laser 
Protection 

Ka isn’t used in your area? Then why buy a 
wide-band detector? Combine two-band 
Passport 2200 with a Passport 1000 Laser 
and save nearly $40. 


Was: $198 Now: $158.40 
You save: $39.60 


A "Free" Detector 

Buy both Passport 3200 WideBand and 
Passport 2000 and you'll save $49 — the 
cost of Passport 2000! Keep Passport 3200 
for yourself and give Passport 2000 to a 
friend as a gift. 

Was: $248 Now: $198.40 
Yousave: $49.60 


ESCORT. Call toll-free 24 hours, ESCORT 
^ 7 days a week: > Department 501623 


: TM | 5200 Fields-Ertel Road 
Гре Innovative Edge” 1 800-433-3487 Cincinnati, ohio 45249 


Shipping & handling extra. OH res. add 6% tax. 
ё © 1992 СМІ 


*The 20% discount applies only to new purchases of two detectors on the same order. Return of either detector will result in the loss of the 20% discount. Offer ends March 31, 1993. 
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What and where 
the prostate is 


Only men have a prostate. It's a 
walnut-sized gland located at the 
base of the bladder. It surrounds a 
part of the urethra, the tube that car- 
ries urine from the bladder through 
the penis. 

The prostate supplies the milky 
fluid that helps transport sperm 
through the penis during ejaculation. 
The prostatic fluid also aids concep- 
' tion by providing support and nour- 


ishment for the sperm and helping to 
make the vaginal canal less acidic. 


What an enlarged 
prostate is 

In most men, after age 45, the 
prostate starts to enlarge and may 
continue to enlarge for the rest of a 
man's life. This growth may be 
benign prostate enlargement, a non- 
cancerous condition. À major cause is 
the activity of a key hormone. 

By itself, benign prostate enlarge- 
ment isn't a problem. But as the 
prostate continues to grow, it can 
squeeze the urethra (like pinching a 
straw) and interfere with the normal 
flow of urine, causing uncomfortable 
and embarrassing symptoms. 

Benign prostate enlargement is a 
common medical finding in older 
men. However, not every man devel- 
ops the condition, and in those who 
do, it is not always progressive. 


The urinary symptoms 
of an enlarged prostate 
Among the symptoms commonly 
associated with an enlarged prostate 
are more frequent urination, espe- 
cially during the night, or the sud- 
den, almost uncontrollable urge to 
urinate. The added pressure on the 
urethra can also cause a weak, 
interrupted urine stream, a sense of 
the bladder not emptying completely, 
leakage, and difficulty in starting uri- 
nation. It can even result in total 
blockage, a serious condition. 


Why you should 
consult the doctor 
Symptomatic benign prostate 
enlargement can be helped. Recent 
advances in treatment have been 
made, and today your doctor has sev- 
eral options. So now, more than ever, 
is an excellent time to consult your 
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doctor. You and your doctor should 
discuss which treatment option . 
would be best for you. 

If you experience any symptoms, 
see your doctor and speak frankly 
about the problem. A simple rectal 
examination enables the doctor to 
feel, with a gloved finger, the size and 
condition of the prostate. This exam, 
and other tests the doctor may rec- 
ommend, will also help to rule out the 
possibility of prostate cancer. Benign 
prostate enlargement is not cancer 
and does not turn into cancer. 


BLADDER 


The prostate is located at the base of the bladder. It 
surrounds a part of the urethra, the tube that carries urine 
from the bladder through the penis. As the prostate enlarges, 
it can squeeze the urethra and cause urinary problems. 


These days, prostate problems 
don't have to interfere with living 
your life to the fullest. That's what 
every man should know. 


Talk to your doctor, soon. And, 


for a free booklet with more informa- 
tion, call 1-800-635-4452. 
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SHELL MODULE 


TRANSFER CONVEYOR 


AMMUNITION CAROUSELS 


A concept vehicle being developed for the U.S. Army (right) supplies a tank with fresh ammunition while both crews remain safely within their vehicles. A 
conveyor transfers ammunition, stored in carousels, through an arm and into the back of the tank turret. 


done, but the Army, under the direc- 
tion of the Project Manager for Ammu- 
nition Logistics, has funded a program 
at Oak Ridge National Laboratory in 
Tennessee to develop an automated 
system for reloading armored vehicles. 
The lab’s Future Armor Rearm System 
(FARS) will speed up the ammo reload- 
ing process, keeping more tanks on the 
battlefield. But more important, it will 
be safer for soldiers. On a battlefield 
alive with artillery and small-arms 
fire—not to mention nuclear, biologi- 
cal, and chemical weapons—the truck, 


the open-hatched tank, and their crews | 


are vulnerable. 
The FARS team is developing an ar- 
mored, tracked vehicle that will be able 


to go almost anywhere a tank can. The > 


back of the unit is a steel box contain- 
ing carousels loaded with ammunition. 
The FARS vehicle will back up to a 
tank, and the tank commander will ra- 
dio his order: ten high-explosive and 25 
armor-piercing shells, for example. À 
computer-controled system will load 


| the rounds from the carousels into a 
| conveyor and through a transfer arm, 


which will connect to a port on the 
back of the tank turret. The requested 


In future supersonic jets, pilots won't have to drop the nose to see 
the runway. Instead, sensors mounted beneath the nose will relay 


Laud to mays in windowless ккан 
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ammunition will be transferred, un- 
touched by human hands, into the 
tank's autoloader mechanism. 

With the FARS crew operating joy- 
sticks in an airtight cab and the tank 
crew behind its own armor, no one will 
have to risk bullets or poison gas to pass 
the ammunition. And because the 
transfer arm mates with a sealed hatch, 
contaminants cannot enter the tank. 

The Army plans to incorporate FARS 
technology in its next generation of 
tanks. But because the М1А1 per- 
formed well in the Persian Gulf war, 
development funding for an advanced 
tank is on hold. The FARS technology 
could be used in other weapons sys- 
tems requiring automated ammuni- 
tion handling. FARS will most certain- 
ly be employed in the new Advanced 
Field Artillery System and its compan- 


ion, the Future Armored Resupply Ve- | 


hicle. —Jonathan D. Beard 


Cockpits without windows 


Pilot Glenn Connor maneuvers the 
Cessna through heavy morning fog, de- 
scending toward a runway nearly four 
miles away. “What do you see?” he asks 
the copilot. The copilot 
scans the horizon: 
*Nothing." 

But Connor already 
has the runway in sight. 


peering at the ground 


frared camera, designed 
to help pilots see 
through clouds and 
darkness. “I see . . . ev- 
erything," Connor says. 
The copilot, however, 
does not spot the run- 
< way until less than a 
= minute before the plane 
touches down. 
Connor, 


Unlike the copilot, he is 


through a special in- | 


from the | 
Maryland Advanced De- 


velopment Laboratory in Greenbelt, is 
testing a new technology that makes it 
easier for pilots to land in bad weather. 
Called enhanced vision, the new equip- 
ment has a sensor that "sees" through 
fog by imaging infrared light. A “head- 
up” display projects data from the sen- 
sor onto a screen in front of the pilot's 
eyes. Although the military used these 
technologies in the Persian Gulf war, 
they have not been available for civil- 
ian planes until now. 

Currently, pilots use a ground-based 
instrument landing system for most 
foul-weather landings. But this re- 
quires planes to travel in straight lines 
for several miles before landing, often 
causing delays. “If you want to land in 
all kinds of weather without delays, 


| there's got to be a different way," com- 


plains Connor. He and many airline in- 
dustry officials contend that enhanced 
vision may be the answer. The Federal 
Aviation Administration, however, fa- 
vors other technologies [“Fail-Safe 
Skies," Jan. 93]. 

Connor isn't the only one trying to 
improve cockpit vision. Researchers at 
NASA's Langley Research Center in 


JANA BRENNING 


Hampton, Va., suggest that artificial | 
vision may aid pilots of future super- | 


sonic passenger jets. Instead of drop- 
ping the plane’s nose to see the run- 


| way, as Concorde pilots do, infrared | 
| and millimeter-wavelength radar pic- 


tures from sensors on the underbelly of 
the plane would be projected on a 
head-up display. Ultimately, say the re- 
searchers, planes might not need cock- 
pit windows at all.—Robert Langreth 


Information limit 


Despite the last decade’s exponential | 


increase in the amount of information 
that can be crammed onto magnetic 
media such as tape and disks, there is 
a limit. Scientists from the University 
of California at Santa Barbara and 
IBM have observed an effect called 


macroscopic quantum tunneling that | 
causes groups of magnetic atoms to act | 


like single units. The quantum effect 
becomes significant at sizes about ten 
times smaller than are used in current 
magnetic storage devices and repre- 
sents an apparently insurmountable 
barrier to information density beyond 
that level. 

The effect has been predicted by 
quantum mechanics theory for some 20 
years.—Arthur Fisher 


Learning gene 


Thanks to a group of genetically engi- 
neered swimming mice, researchers 
have pinpointed for the first time a sin- 
gle gene directly responsible for learn- 
ing and spatial memory. 

Using a new technique called gene 
targeting, geneticist Alcino Silva and 
his associates produced mice lacking a 
single gene. Without this tiny piece of 
DNA, the mutant mice cannot manu- 
facture a protein—called alpha-calci- 
um calmodulin kinase II—known to 
strengthen signals between communi- 
cating nerve cells in certain parts of the 
brain. Other than that, the engineered 
mice look and behave like their normal 
counterparts, except they're a bit more 


“jumpy, says Silva, a senior staff scien- | 


tist at Cold Spring Harbor Laboratory 
in New York. 

In a pool without visual cues—gray 
walls and opaque, gray water—both 


| normal and mutant mice quickly found 


a hidden, submerged platform marked 
with a tiny white flag. When re- 
searchers took away the flag, the nor- 


| mal mice soon learned to navigate 
| their way to the platform using com- 


plex visual cues outside the pool, like 
the position of windows or shelves on a 
wall. The mutant mice, though, were 
lost at sea, finding the platform mostly 
through trial and error. 

During the learning process, the con- 


| nection, or synapse, between adjacent 


nerves gets stronger as the nerves 


| communicate, almost like exercising a 


muscle. This phenomenon, called 
long-term potentiation, is controlled 


| by the very gene the mutant mice are 


missing. Without it, repeated informa- 
tion doesn't strengthen the synapses, 
but passes from nerve to nerve as if it 
were appearing for the first time. 


Does this mean that people who | 


have trouble learning make less al- 
pha-calcium calmodulin kinase II 
than geniuses do? It's not that simple, 
says Silva. More than 20,000 genes 
control learning and memory. "But 
this does give us a way to determine 
how the mind works on the molecular 
level.” —P J. Skerrett us 
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L.G. Balfour proudly presents the 
Officially Licensed Team Rings 

of the NFL, NHL and Major 

League Baseball. Handcrafted by 

master jewelers who have made 

rings for numerous Super Bowl, 

Stanley Cup and World Series 
Champions, each American-made 

ring is cast from Balfour Celestrium 
which looks and feels like real gold 

but will not tarnish. All teams are avail- 
able in Celestrium Gold or White, in full 
and half sizes 6 to 14. And your satisfaction 
is completely guaranteed for one full year. 


L.G. Balfour Company Please mail before 
301 Oxford Valley Road February 28th or call 
MA) РО. Box 374 1-800-235-6533 today. 
Shown. Гк Yardley, PA 19067 
nee Please enter my order for the Team Ring and FREE Key Ring of the 


City and name of your favorite team 
I need send no money now and will be billed in five monthly installments of just $19* each, 
the first prior to shipment. My name will be automatically entered into your Super Bowl 
Sweepstakes. A custom ring sizer and color picture of my ring will also be sent before my jewelry 
is shipped to me. Please make my ring in Celestrium? Gold] White] (Key Ring in gold only). 
* Plus $3.95 per ring for shipping and handling. Sales tax will be billed where applicable. 


NAME 


ADDRESS 


CITY STATE ZIP 


SUPER BOWL SWEEPSTAKES 
Respond to this ad before December 31st, 1993 and you will be eligible to win a pair of tickets to Super Bowl 
ARVIN, including round trip airfare and deluxe hotel accommodations. Mo purchase is necessary and complete 
| details will be sent by return mail 
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| More-accurate CDs 


Electronics Newsfront 


Edited by JOHN FREE 


Like a precocious ten-year-old, 
the compact disc format has 
found two new methods of ex- 
panding its vocabulary. Both 
techniques are responses to 
criticisms that the CD's digital 
sampling rate—the frequency 
at which the original analog 
audio signals are examined— 
is too low, and that the way 
CD technology handles low- 
volume sound is even more 
inadequate. 

The two new techniques are г 
methods of transferring 20-bit £ 
master recordings to standard aA 
16-bit CDs to improve accura- =. 


ANKIEWICZ 


cy. Twenty-bit recordings use Sine waves—and music—captured with its 20-bit Super Bit Mapping, says Sony, are 
more than a million combina- more accurate than standard CD encoding. Sample SBM discs (right) are available. 

| tions of zeros and ones to de- 

| fine digital audio, versus 16-bit’s 
| 65,000-plus; those extra four bits rep- _ 


resent an enormous increase in the 
amount of information recorded. The 
trick is in knocking 20 bits down to 16 
without losing what's relevant. 

Sony, whose record label has been 
recording classical music on master 
tapes in the 20-bit format recently, has 


| introduced Super Bit Mapping (SBM) 


to translate these recordings into 16- 
bit CD releases. The company is also 
using SBM to change older analog 
classics that have been sampled in a 
20-bit format to the 16-bit medium. In- 
stead of simply truncating the four 
least-significant bits, SBM uses noise 
shaping—typically employed to shift 
noise out of the audible spectrum 
—within the range of what the human 
ear can hear, using psychoacoustic 
principles. The system requires no de- 
coder at the listener's end; it does its 
work entirely within the CD master- 
ing process. 

Following an initial introduction at 
an electronics show last summer, Sony 
now offers its Master Sound Sampler, 
including tracks from Miles Davis, 
Dave Brubeck, Bob Dylan, Billy Joel, 
and Boston along with the original 
pre-SBM CD releases. Bruce Spring- 
steen, Aerosmith, and the West Side 
Story sound track are among other 
planned gold-plated reissues. 

My audio system, which includes a 
Theta digital-to-analog CD converter, 
Pioneer CD transport, Avalon speak- 
ers, and NAD amplifiers, easily re- 
vealed the difference between com- 
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mercial CDs made from 16-bit mas- 
ters and SBM versions of the same 
tracks. On *All Blues," from Davis' 


| Kind of Blue album, the saxes had a 


realistic thpffft attack and the drums 
were more palpable, especially in the 
delicate brushwork. Dave Brubeck's 
legendary "Take Five" came through 
with more sizzle on the drum kit's 
cymbals and high hat. 

Improvements in imaging and high 
frequencies were easy to spot through- 
out. Instruments seemed to emerge 
from a discernible space, rather than 
suffocate. The process seemed to bring 
me physically closer to the music. 

The second system, Pacific Mi- 
crosonics High Definition Compatible 
Digital (HDCD), does require a de- 
coder to get the maximum benefit from 
its proprietary bit-reduction algo- 


| rithm. The circuit, though, could be re- 


duced to a chip and built into CD play- 
ers. Reference Recordings has record- 
ed four CDs with the new process and 
recording engineers are slated to eval- 
uate it this year. 

Both processes suggest an obvious 


question: If shoehorning 20-bit mas- | 


ters to 16-bit CDs improves the sound 
this much, shouldn’t a 20-bit hi-fi- 
transmission medium be the next 
step?—Mark Fleischmann 


Multiprocessor desktops 


Manufacturers of desktop engineering 
and scientific workstations are discov- 
ering that multiple central processors 
(CPUs), a design once limited to much 
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becoming more af- 
fordable and practi- 
cal than in the past. 

"As opposed to creating faster CPU 
chips," says Krishnan Natarajan, 
product manager in the general sys- 
tems division of Hewlett Packard, 
“multiprocessing is the most cost-effec- 
tive way to enhance system perfor- 
mance." According to many scientists, 
faster and smaller types of processors 
will one day encounter limitations 
from thermal and other problems. 

Sun Microsystems Computer Corp., 
Hewlett Packard, and Silicon Graphics 
are offering multiprocessor servers 
(machines accessed by numbers of 
users) with 4 to 16 reduced-instruc- 
tion-set-computing processors [“Next- 
generation PCs," April 92]. They want 
to attract buyers that formerly would 
have considered only giant mainframe 
computers. Along with claims of 
speeds close to mainframes, multipro- 
cessing computers cost less and re- 


larger computers, is - 


quire fewer people to operate or man- 


age than a mainframe. 

The desktop multiprocessor equip- 
ment benefits from rapid expansion of 
massively parallel supercomputers 
[^Future Computers," March '92]. 
Computer users needing enormous 
number-crunching power have in- 
creasingly recognized the value of sep- 
arating problems into many parts that 
can be executed simultaneously with 
many CPUs. In addition to multipro- 
cessor computers, special software 


| that coordinates parallel processing 


over communication networks has 
been devised for other desktop mod- 
els.—Patricia Barnes-Svarney 


DAZZLING SHOWS DEBUT NEW 


AUDIO AND VIDEO 


BY DENNIS NORMILE 


everal audio and electronics shows in Japan late last year 
featured the shape of things to come. New digital compact 
cassette (DCC) and Sony MiniDisc hardware showed how 
battle lines are firming up between these new hi-fi 

formats ['Electronics Newsfront," Sept. '92]. Also 
prominent: wide-screen enhanced-resolution 
TVs, advanced-technology projection 
TVs, unusual camcorders, new 
video-CD jukeboxes, and remark- 
able advances in the size of flat 
video panels. 

sony premiered its MiniDisc 
(MD) format with the portable 
MD Walkman MZ-1 recorder/ 
player. But at 4.5 by 1.7 by 5.5 
inches and weighing 18 ounces, 
the first optical-disc MD recorder 
is quite a bit bulkier than stan- 
dard cassette machines: The 
$750 MZ-1 was slated for sale in 
the United States at the end of 
last year, Sonys MD Walkman 
MA-2P player, the same size but 
a tad lighter, listed for $550. 

A race between Sanyo, Sharp, 
Sony, Mitsubishi, and others to 
develop the tiniest minidisc players was also evident. One Mit- 
subishi engineer said the key to making the players small and light 
was shrinking the drive mechanism and optical pickup. At 0.75 by 3 


type Sanyo 
minidisc player 
is one of the com- 
pact portable magneto- 
optic recorders that had 
its debut in Japan. 


by 4.5 inches and weighing only 7 ounces, Mitsubishi's prototype, 


the smallest shown, slips easily into a shirt pocket. The trade journal 
Television Digest reported that Sharp has developed holographic 
technology that greatly shrinks the optical mechanism in its minidisc 
machines. Several companies exhibited DCC decks and car play- 
ers. Matsushita and Philips both showed prototype portable players 
about the size of older Walkman cassette players. 

Japan's electronics makers are scrambling to widen the appeal of 


A 26-inch wide-screen flat video panel from Mat- 
sushita, not yet available, forms images 
when thousands of tiny gas cells make phosphors glow. 


Hi-Vision, Japan’s high-definition TV (HDTV). Full-specification Hi- 
Vision TVs, starting at more than $10,000, remain beyond most 
consumers’ pocketbooks. But to bring some HDTV benefits to the 
masses, manufacturers have developed wide-screen TVs (16-to-9 
aspect ratio) with a bewildering array of features. These sets 
have simplified HDTV decoders, or built-in converters, for 
Japan’s enhanced-definition TV. (HDTV is not broadcast 
in the United States.) Thompson had slated U.S. 
wide-screen TV introductions before the end of 
1992 ["Wide-Screen Video,” Nov. '92]. 
An unusual new TV comes from Sanyo, 
which uses digital interpolation to in- 
crease the 525 scanning lines of 
standard TV signals to 735 scanning 
lines. The technology is incorporat- 
ed into a 33-inch standard-aspect- 
ratio set with a built-in HDTV-to- 
standard-TV converter, now selling 
in Japan for $3,900. 
JVC demonstrated the light-valve pro- 
jection TV it is readying for production with 
Hughes Aircraft [^Wall-Size TV From Tiny LCDs,” 
June '91]. The projector can fill screens ranging from 
90 to 450 inches—more than enough for any living-room 
wall. These industrial-use light-amplifier projectors, as the tech- 
nology is now called, will be available this spring. Consumer models 
will follow. Sharp has a similar high-brightness system. 

Over at Panasonic, the "3CCD" in the company's new NV-3CCD1 
S-VHS camcorder stands for three charge-coupled devices 
(CCD)—one light sensor for red, green, and blue colors instead of 
the single CCD in most machines. Panasonic claims this is the 
smallest three-CCD cam- 
corder on the market. 
Three CCDs are a feature 
in professional camcorders 
that boosts picture quality. 
The model sells for $2,300, 
but only in Japan. 

Fans of sing-along will 
enjoy the Digital Vision ka- 
raoke system from JVC, 
which uses a new interna- 
tional standard of video 
compression to put 17 
songs—lyrics and full-mo- 
tion video—on a CD- 
ROM. This allows some 
6,000 songs to be loaded 
into a jukebox-style 
changer that is approximately the size of a small footlocker turned 
on its end. 

A variety of flat-panel displays also had their debut—and what's 
new is that liquid-crystal-display (LCD) panels are becoming signifi- 
cantly larger. Sharp showed a prototype 17-inch LCD panel, slated 
for use in engineering workstations this June. A plasma flat-screen 
technology developed by NHK, Japan's public broadcaster, is also 
closer to reality ['Gas-Plasma Flat TV," Jan. '92]. The lead manufac- 
turer, Matsushita, displayed a 26-inch wide-screen plasma panel, 
and Oki Electric had a 25-inch prototype. Commercialization is still 
several years away. But Fujitsu Ltd. showed a 21-inch, 1.3-inch- 
thick plasma model slated for sale this spring; 30- and 40-inch 
models are promised for 1994. 


Ligeid-crystel тии as Sharp’s 17- 
inch panel, still too costly for TVs, are 
slated for high-end computers. 
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If you'd like to see how we make whiskey here in Tennessee, come visit. 


KICK A BARREL of Jack Daniel's the wrong 


way and no one will ever see the rewards. 


If it rolls to a stop with the bung down, it'll leak 
whiskey by the gallon. But our barrelman knows 
how many turns and partíal turns 
each barrel will make as he fills up f: 
a rick. So he'll turn the bung to just Ff 
the right position before he kicks a Ld 
barrel. And it'll stop with the bung 
straight up. After a sip of our 
Tennessee Whiskey, you'll be 

glad we didn't spill a drop. 


SMOOTH SIPPIN 
TENNESSEE WHISKEY 


Tennessee Whiskey * 40-43% alcohol by volume (80-86 proof) • Distilled and Bottled by 
Jack Daniel Distillery, Lem Motlow, Proprietor, Route 1, Lynchburg (Pop 361), Tennessee 37352 


Placedinthe National Registerof Historic Places bythe United States Government. 


Electronics Newsfront 


Supercomputers fight cancer 


Radiation therapy for treating cancer 
traditionally involves two-dimensional 
plans for directing beams of tumor-de- 
stroying energy. Three-dimensional 
planning provides more options and 
helps minimize potential danger to sur- 
rounding tissue and organs, but it re- 
quires very long calculation times even 


| on a modern workstation. Julian 


Rosenman and his colleagues at the 
University of North Carolina at Chapel 
Hill are solving this problem with a 
three-dimensional, real-time, radia- 
tion-treatment planning system using 
a powerful supercomputer. 

The investigators divide the tumor! 
and the surrounding body into a cube 
with 128 points on each side, or about 
two-billion points. Timothy Cullip, an 
associate physicist at the University's 
Hospital, says the radiation-dose-dis- 
tribution calculations required five 
minutes on a DEC 5000, capable of 25 
million instructions per second. When 
they switched to the Cray Y-MP at the 
North Carolina Supercomputing Cen- 
ter, the calculation time decreased by 
a factor of three. Then Cullip applied 
advanced algorithms and wrote the 
computer code to optimize the vector- 
oriented hardware on the Cray. Now 
the Cray completes the calculations in | 
about a third of a second—virtually 
instantaneously on a screen. | 

Pixel-Planes 5—a parallel machine 
created at Chapel Hill under the lead- 
ership of Henry Fuchs and John Poul- 
ton—prepares the data for three-di- 
mensional display. Geometric opera- 
tions are completed by up to 50 
graphics processors, each based on In- 
tel's i860 microprocessor. Pixel-Planes 
5 generates one high-quality image 
each second, which can be displayed 
on a workstation. 

The workstation, the Cray, and Pixel- 
Planes 5 will be connected by a gigabit- 
per-second optical-fiber network under 


| development at MCNC in Research Tri- 


angle Park, North Carolina. Rosenman 
says that "real-time radiation treat- 
ment planning will allow one to come 
up with better plans that are better in- 
dividualized for patients." —Mike May 


“Smart” keyboard instructor 


Install The Software Toolworks’ key- 
board music-teaching system on your 
PC and you can quickly listen to its 
100 short song segments. The mu- 
sic—everything from Beatles’ tunes to 
Handel—is stored in coded form on 
your hard disk. Playback generates a 
synthesized orchestra, calling upon 
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Miracle 


INTERACTIVE MEDICINE: VIDEO DISCS ANSWER QUESTIONS 


"This is a language-translation ma- 
chine," says Jerry Mack, Sony 
Corp.'s Medical Information Group 
manager, pointing to the touch- 
screen monitor, video-disc player, 
and computer before us. But instead 
of converting, say, French into En- 
glish, this system uses interactive 
video to explain medical topics in 
simple terms so patients can under- 
stand treatment options. 

The setup, now being installed in 
hospitals, clinics, and doctors' of- 
fices, is called the SDMS-1000 
(Shared Decision-Making Multime- . 
dia System). Sony Medical Systems 
in Montvale, N. J., and the Founda- 
lion for Informed Medical Decision 
Making codeveloped the multimedia 
system. A Dell computer with a pow- 
erful 486 microprocessor and a 


Sony video card merge graphical information and animated diagrams 
with full-motion video sequences. Users tap video images and com- 
puter graphics on a touch-screen to interact with programs on the 


video discs. 


Currently, five video-disc programs are available, covering topics 
such as hypertension, lower back pain, and breast cancer. Patients 
can have their programs tailored to their needs before viewing the 


some of the 128 sampled instruments 
or other sounds stored in the key- 
board. Tired of the same old tunes? 
Two 40-title add-on volumes, $50 each, 
were introduced last year. 

Playing these synthesized MIDI 
(Musical Instrument Digital Inter- 
face) segments is fun—despite tempos 
that are rigid and at times awkwardly 
slow. But the idea behind the Miracle 
Piano Teaching System is that you, not 
just your computer, play the song pas- 
sages. Software packaged with the 49- 
key, 4-octave keyboard patiently 
guides you through 40 piano-lesson 
chapters to help you learn how. Music 
notes for lessons and a simulated key- 
board are displayed on 1,100 interac- 
tive screens. The “smart” software 
monitors your lessons, noting 200 
types of errors, then sets up exercises 


"e em 
rarum үн 


SSS see 1 : 
С EL. "ا‎ norm 


eyboard can play 16 notes at once, or | 
eight when stereo sound is synthesized. 


Touch-sensitive computer screens, blending graphics and video-disc 
images, help patients learn about medical options. 


disc—personal information includ- 
ing age, weight, and medical test 
results is entered into the comput- 
er. Irrelevant or inappropriate rec- 
ommendations—for instance, ad- 
vice on overeating to underweight 
patients—wouldn't be given. 

Each program has two parts: an 
overview, followed by a "learn 
more" section where patients se- 
lect various interactive paths. A re- . 
cent demonstration of the "Manag- 
ing Your Mild Hypertension" disc, 
for example, enabled users to ex- 
plore options for lifestyle changes 
instead of alternative—and more 
expensive—medical treatments. 

When the viewing session is 
over, patients can print out options 
such as diet plans. Doctors receive 
separate printouts that show paths 


explored by their patient with the interactive video discs and computer. 
The hardware for Sonys SDMS-1000 costs slightly less than 
$8,000. Discs are available for $975 on a prescription basis, which al- 


lows for annual updates on the newest treatment options to be 


to strengthen performance weaknesses. 

Lessons are presented in the "class- 
room," one of six menu options initially 
displayed. An arcade, another option, 
has three video games for practice 
drills—for example, ducks represent- 
ing notes swim across the music staff; 
pressing the correct piano key zaps 
them with a paint bomb. A separate 
practice room displays play-along 
notes to songs you've selected. And a 
studio lets you record and play your 
own music on eight simulated tape- 
recorder tracks, one track at a time. 
Editing and fine-tuning your master- 
pieces is practical only if you buy op- 


tional transcription software, which | 
| operate: Simply snap a cord into a tele- 


displays recorded notes on a music 
staff. Software Toolworks of Novato, 
Calif., includes a pamphlet describing 
a transcription program from another 
company. 

Some of the synthesized instru- 
ments, such as the switch-selected or- 
gan and piano, sound quite realistic. 
Others, the trumpet and strings, for 
example, have the buzzy, unpleasant 
quality of early electronic synthesiz- 
ers. Connections on the keyboard en- 
able you to send or receive signals to or 
from other MIDI devices. | 

A PC system needs a free serial port 
and about 530 kilobytes of free memo- 
ry, which may require optimizing your 
operating-system files. Be aware that 
there are compatibility problems with 


some video accelerator cards. Miracle 
systems are also available for Macin- 


added. The not-for-profit foundation expects to develop 25 to 30 pro- 
grams within five years. Eventually, programs may be available on 
CD-I (compact-disc-interactive) machines.—Marcelle M. Soviero 


tosh and Amiga computers. Some sys- 
tems, with only 200 lesson screens, also 
work with Nintendos NES and Super 
NES game hardware. The suggested 
price for the computer versions is $480. 


Face-to-face calling 


A new videophone offered by MCI 
Communications Corp. will sell for 
about $750—half the cost of the AT&T 
videophone introduced last year 
(“Electronics Newsfront,” April '92]. 
The MCI and AT&T phones have sim- 
ilar features, but you cannot make a 
video call from one to the other. 

Both phones are easy to install and 


phone jack and plug the power supply 
into an electrical outlet. To use either 
phone, dial as you normally would; 
when the other party is on the line, 
push a video button to transmit a pic- 
ture of yourself. In the AT&T Video- 
Phone 2500, the only unit POPULAR 
SCIENCE has tested, it takes about ten 
seconds before the picture appears. 
The phones have a self-view feature 
that allows you to see the picture being 
transmitted to the other person. In the 


MCI phone, you can view yourself in a | 
*picture-in-picture" box on the three- 


inch screen. 


Videophones are sensitive to spuri- | 


ous signals, or "noise," on phone 
lines—the AT&T phone often gave us 


the message, "Video call not possible | 


now." On other occasions, the video 
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Quality products that really work. 


KLEAN-STRIP, DIV. W.M.BARR & CO. * 1-800-238-2672 


FREE 
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We manufacture speakers and music systems 
designed by Henry Kloss (founder of AR, KLH 
& Advent), and sell them factory-direct. We 
also sell components from Philips, Pioneer, 
Denon, and others. Because we sell factory- 
direct, you can save hundreds of dollars. 


Call 1-800-FOR-HIFI 


We Know How To Make Loudspeakers. 
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SOUNDWORKS 


154 Califomia St., Suite 126F, Newton, MA 02158 
In Canada: 1-800-525-4434 Fax: 617-332-9229 
AR & Advent are trademarks of Intemational Jensen, Inc. 


32 • POPULAR SCIENCE FEBRUARY 1993 


Marconi of the United King- 


abruptly ended in the middle of a call. 
The audio portion continued, however, 
so it was possible to reestablish a video 
connection again by hitting the button. 

Another limitation of the new 
phones is the video transmission 
rate—up to ten frames per second, or 
three times slower than a television. 


| The result: video that doesn’t always 


keep up with the accompanying audio. 


| On the AT&T unit, you can use the fo- 


cus button to adjust the video rate. 


‘Electronics Newsfront 


Imagine an electronic phone book that 
responds to requests such as “Fix my 
car” by finding the number of an auto 
repair shop in your neighborhood. 

U.S. West and France Telecom are 
offering such a service for subscribers 
in the Minneapolis/St. Paul area. The 


| information comes through a small 


When the picture is sharpest, the mo- | 
tion is delayed and jerky; but if you se- | 


lect a blurry focus setting, a caller’s lip 
movements keep pace with their voice. 
MCI claims its phone pro- 
vides synchronized sound 
and video. 

Neither phone works well 
for viewing objects with any 
detail. In one test, we tried 
holding printed messages up 
to the camera of the AT&T 
phone. We could read the 
words only when the letters 
were almost an inch high. 
The experiment might work 
better on the MCI phone, 
which has a high-definition 
"freeze" mode for viewing 
still images. 

Manufactured by GEC- 


dom, the MCI product uses a 
video telephone standard developed 


| for military applications. British 


Telecommunications, the main suppli- 
er of phone products and services in 
the United Kingdom, has already 
adopted the Marconi standard. 
AT&T's $1,499 VideoPhone 2500 is 
available at AT&T Phone Centers and 


| major retailers. MCI is still working 


out the distribution plan for its $750 


VideoPhone. The company plans to of- 


fer a discount for two or more phones. 
For more information, call 800-274- 


| 5962.—Dawn Stover 


MCI video phone, based on a military technology 
spinoff, is made in Great Britain. 


stand-alone terminal called Minitel, 
comparable to the Minitel system in 
Europe, which offers 17,000 on-line 
services. Efforts to expand the directo- 
ry in the United States are in progress. 

In New York, the Minitel terminal is 


| meisane 23 ame TIU 


BL TO 


Low-cost Minitel terminals, first introduced in France to elimi- 
nate phone books, are slated for on-line U.S. services. 


being used for another service: An on- 
line version of New York magazine pro- 


vides a continuously updated database | 


of the magazine's weekly listings of 
restaurant reviews, entertainment 
guides, and personal ads. It's easy to 
use—just log in with a code number 
and you can search for, say, a low-cost 
Japanese restaurant on the Upper 
East Side of Manhattan. 


If you don't want to purchase the $30 | 


terminal, you can order free software 
through New York for use with a com- 
puter and modem. Costs per minute are 
billed either to a phone or credit card. 
Other services not currently avail- 
able in the magazine, such as stock 
quotes, horoscopes, and computer 
games, have also been added. An “in- 
ternational chat" feature lets you com- 
municate with people throughout Eu- 
rope by way of an electronic mailbox. 
Future services may include a 


movie-review section linked to the the- | 


ater listing—once you read a review, 
you can immediately locate where the 


movie is playing. You may also be able 


to purchase tickets in advance. 
Feature articles from New York, 
however, will not be reprinted on-line. 
Edward Kosner, editor and president, 
says he still wants people to buy the 
magazine.—M. M. S. 35 


Automotive Newsfront 


Edited by DAN McCOSH 


of the road—once you've seen it for 
| yourself. In Europe, the majority of 
| BMW 7-Series buyers are making ex- 
| | actly that choice, opting for high-inten- 
sity gas discharge (HID) headlights, 
| even at a steep $750. 

I tried the new HID lights, developed 
by electronics maker Hella KG of Lipp- | 
stadt, Germany, on a recent drive 
through German woodlands on a 

f || moonless night, and the experience 

J || was, well, illuminating. | 
| The driver's first clue to the leading- | 

| | edge light source is a noticeable | 

warmup interval (about three seconds 

to full brightness) when the lights are | 

switched on; any remaining uncertain- | 
ty is erased when you witness the 


e. н ARMIS s = ———— — x zi p NES _ с : TS E powerful ultra-white beam. 
| Volvo's hybrid concept car combines electric — Be... "m —— Produced by a tiny gas 
and gas turbine power for optimum efficiency. T WE NE | discharge bulb [“High- | 


Intensity Head- 

lights,” May '90] in- | 
stead of a conven- | 
tional halogen gas in- 


Turbine hybrid 


In an ingenious hybrid, Volvo has re- 
vived the gas turbine—using it to candescent light, the 
charge batteries that power an electric | turbine, | feram new lights project an | 
traction motor. The Volvo Environmen- | is specially de- : Derry att astonishingly uniform 
tal Concept Car (ECC), a full-size | signed for such high lighting pattern to fill in 
sedan based on the Volvo 850, tops 100 | speeds. Its high-voltage alter- the weak areas often found in 
mph using hybrid drive, runs up to 415 | nating current output is first converted | short and medium range beams; espe- 
miles without refueling, and gets 45 | to direct current suitable for battery | cially noticeable is far better illumina- 
mpg at a constant 55 mph, all while | charging, then back to alternating cur- | tion off to the right side of the road. All | 
easily meeting 1993 California emis- | rent to power the synchronous traction | this is accomplished without increasing 


| Sions requirements. motor. glare—not once in our evening drive | 
Hybrid drive uses a low-output elec- | There are three operation modes se- | were we flashed by an oncoming driver. 
| tric motor for silent, zero-emissions city | lected by push buttons. For zero emis- Because of the warmup time delay, 


driving and a gas or diesel engine for | sions in urban traffic the driver can | the Hella system uses a superimposed 

| cruising to overcome the limited range | choose pure electric. Fully charged, the | beam strategy—the HID low beam re- | 
and performance of pure electric drive. | batteries are good for about a 50-mile | mains on when the conventional high | 

_ It also sidesteps the potential pollution | range. In the hybrid mode, the elec- | beam is activated. The complete HID | 
caused by fuel-burning power stations. | tronic management system automati- | system includes the matchstick-size 

The ECC uses a hefty full-time 95-hp | cally starts the gas turbine if the bat- | HID light source, reflector, lens, and 

electric motor and a relatively small | teries are low or when a sharp power | electronic ignition and ballast units. 

. 120-volt nickel-cadmium battery pack | demand is beyond their available | Start-up power for the HID is 10,000 

| kept at peak charge by a gas turbine | capacity. volts, and circuits are protected by a 
generator. Volvo design director Peter For maximum power in an emergen- | ground-fault detection circuit. Total 

| Horbury explains the reasoning behind | cy situation, the driver presses the gas | power consumption is 35 watts after 

the system: turbine button. If the batteries are ful- 
“Compared with piston engines, gas | ly charged, however, he gets a visual 

turbines with continuous combustion | warning to switch to hybrid operation, 

have far lower emissions—aided by | when the turbine would shut down. 

much higher burn temperatures—giv- | —David Scott 

ing more complete combustion. For a 

given output, they are lighter and more E Е. en. oe 

compact as well as vibration-free.” | High Intensity driving 
In the ECC, a 55-hp engine running | Just how much are you willing to pay 

at 50,000 rpm powers a 40-kilowatt | for a better view? Even if you wouldn't 

generator in a neat package originally | cough up an extra dime for a breath- | | 

designed at the Royal Institute of Tech- | taking panorama of the Chicago Loop, ! — Ann 

nology in Stockholm. The generator, | you'd probably be glad to pay the pre- | BMW will be launching new high-intensity dis- 

running on а common shaft with the | mium for a spectacular nighttime view | charge headlamps on ће 750iL sedan. 
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warmup, as opposed to 55 watts for a 
halogen bulb, yet visible light out- 
put is greater because more energy in 
the visible portion of the spectrum is 
produced. 

Besides the low infrared output, HID 


| also offers high output in the ultravio- 


let range, useful for making reflective 
lane markings and road signs stand 
out, though this was not so apparent in 
my drive on country roads. The in- 
creased beam width with HID lights 
can potentially be augmented by a 
longer reach, but to keep within legal 
limits (and not blind oncoming drivers) 
it must be combined with an automatic 
beam leveling system. 

Headlight leveling devices are now 
standard equipment by law in Ger- 
many, and Hella has developed several 
different types for the automakers' 
market, including manual adjustment, 
a ride-height sensing automatic sys- 
tem, and an instant-reaction dynamic 
adjustment system. Actuation is either 


Lexus recently introduced the GS300 to 
the United States, a 220-hp, six-cylinder, 
rear-wheel-drive luxury sedan with its 
Lexus bloodlines evident. A version of the 
same car has been sold in Japan for about 
a year as the Toyota Aristo. 

The aggressive, controversial shape and 
proportions of the Lexus GS300 “grand” 
sedan, which was designed initially by 
ItalDesign of Turin, Italy, and refined in 
Japan, make it seem more like an "attack" 
sedan. Toyota refers to the look of the 109- 
inch wheelbase GS as a "one-motion sil- 
houette," a unity that is carried over in the 
interior and instrumentation reminiscent of 
the LS400. 

The GS300 comes with dual air bags, 
ABS, full wishbone suspension with gas 
shocks and dual anti-roll bars, a full-elec- 
tronic-control automatic transmission, 220- 
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pneumatic or by electric 
motor. 

The first U.S. applica- 
tion of HID lighting will 
be in the 1993 BMW 750iL, 
where it will be fitted 
as standard equipment. 
—Norman S. Mayersohn 


Double vision 


An extra pair of eyes on 
the road that never 
flinch, get distracted, or 
drowsy. 

That's the promise of a 
camera and computer- 
image processing system 
that can recognize lane markers, road 
signs, and moving objects. Developer 
NEC Corp. claims it is the first such 
system that can read road signs. It re- 
lies on some of the same image pro- 
cessing techniques that give robots 
computer vision. One or more car- 


i 
г АРА 
| s 


rg 
IM abt “Го, 


Е ТУ E | 
Е — Е " ч , | 


control. A moon roof, CD changer, and 
docking portable voice-activated cellular 
phone are optional. 

The GS300 is built in Tahara, Japan. 
New technologies used on the GS300 in- 
clude a one-piece body side panel 
stamped on a 5,200-ton transfer stamping 
press from a steel blank that has been 
laser-welded together from four types and 
thicknesses of steel. 

The 3,650-pound sedan accelerates with 
authority, handles smooth and rough roads 
with equal verve, and feels like a bank 
vault on tires—safe and secure, even at 
very high speeds. And the effective "peo- 
ple space" inside is larger in some dimen- 


sions than the big LS400 V8. 
The suggested retail price is about 
$35,000.—Jim McCraw 


watt stereo system, and optional traction 
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NEC's i n recognition system is superior to radar in some applica | 
tions for detecting unseen obstacles. 
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mounted cameras feed visual data to 
an on-board processor where it is 
digitized and analyzed. 

The system handles all the visual 
data in real time by relying on high- 
speed processors zeroing in on impor- 
tant information. The sign-reading 
function first identifies the colors typi- 
cally used on road signs. Then pattern 
matching extracts the message. Simi- 
larly moving blocks first are picked 
out, and then object recognition decides 
whether it is a vehicle or a pedestrian. 

An NEC researcher says the main ad- 
vantage over radar-based systems is 
that optical systems can spot pedestri- 
ans, animals, and other objects that 
don't reflect radar signals. One draw- 
back is that dirty lenses, signs, and 
lane markers degrade performance. 
Another is that it works at night only if 
headlight beams hit signs directly. Us- 
ing an infrared camera might over- 
come this. Currently NEC claims a 93 
percent correct recognition rate on ac- 
tual highway signs during the day. | 

In a joint effort, NEC and Mazda 
started working on the technology in 
1987 to develop an automated driving 
system. So far they have succeeded in 
getting an experimental automated car 
to drive itself around a test course. 

The NEC researcher believes the 
technology could be put to use in a 
warning device before 2000. Perfor- 
mance and reliability would have to be 
near perfect before such a system could 
be trusted with actual driving func- 
tions. Researchers put this about 30 
years away.—Dennis Normile 


Mini-radar is coming 


Miniature radar that adjusts cruise 
control, acts as a forward-looking colli- 
sion warning, and detects hazards be- 
fore backing up and changing lanes 
could be on new cars within three 
years, according to suppliers develop- 
ing the systems. 


Capa bility has a kinder, New this year are option- -za р drive is 


safer, gentler side. al integrated child safety 4 м7 available. 
sts seats that actually incorpo- @ . ÁH |! — Whats 
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*See your dealer for availability date. 
T Air bag effectiveness depends on wearing 
your safety belt, so always buckle up. 


*When properly equipped. я aL C | - р 
ку кы а ЫШ „> ا‎ oc) Have you driven a Ford...lately? 


On-board radar was the hottest 1tem 
demonstrated at this year's Conver- 
gence '92, the annual automotive elec- 
tronics conference. Like a number of 
companies displaying radar systems, 
TRW's new unit is a direct spin-off from 
the company's aerospace system devel- 


| opment work. 


TRW's radar is based on two tech- 
nologies: a new "patch" type antenna, 
and a gallium arsenide-based integrat- 
ed circuit. The patch antenna mea- 
sures three inches square by "4 inch 
thick. It's small enough to fit inside the 
car's outside rearview mirror—an opti- 
mum location to achieve the best beam 
dispersal, particularly for a lane- 
change warning. It also could fit inside 
a typical taillight, says Dr. Thomas 
Zimmermann, director of TRW's elec- 
tronic systems center for Automotive 
Technology in Redondo Beach, Calif. 

Coupled with the patch antenna is a 
millimeter monolithic integrated cir- 
cuit. Basically, this is a transmitter 
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That BMW is just getting around to in- 
staling a smallish V8 that replaces a rela- 
tively small six-cylinder in-line engine in a 
$54,000 luxury sedan is as good a state- 
ment as any about the overall position of 
German luxury cars today. 

The specific output of the new 282-hp, 
four-liter aluminum V8 in the 740i sedan 
easily surpasses the two newest twin-cam 
V8s coming from GM and Ford this year. 
The specifics of the engine are similar to 
most multivalve V8s today, albeit executed 
in a smaller displacement than the two 
U.S. engines: four valves per cylinder, twin 
cams, and a five-speed automatic trans- 
mission driving the rear wheels. 

The new engine provides the missing in- 
gredient in the 7-Series—namely, power. 
Claimed acceleration times are in the low 
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| it then hands off to 


FUEL TANK FOR HEATER 


that had formerly е" 


8 BATTERY PACK 
used a single chip | FN YOL UNIS) 
(in military applica- РАЕВ 
tions) but will use HEAR ш 


perhaps a dozen 
chips in automotive 
use—"for increased 
reliability," says 
Zimmermann. The 
first chip in the sys- 
tem is gallium ar- 
senide, not silicon; 


a digital-signal-pro- 
cessor chip. Gallium 
arsenide, more ex- 
pensive than sili- 
con, has taken over 
in certain high-frequency applications. 

TRW’s radar offers two potential fea- 
tures: intelligent cruise control that 
maintains a safe distance from the ve- 
hicle in front and a radar beam that 
sends data to the cruise control and an- 
tilock brakes. 


BATTERY PACK — 
.— (6 SIX-VOLT UNITS) 


seven-second range, figures close to the 
12-cylinder 750i. Like the 750iL V12, the 
V8 power is developed with jewel-like 
smoothness, while handling of the relative- 
ly large sedan (a 116-inch wheelbase in 
the stretched version) is remarkable for 
such a big car. 

The new 740 model is BMW's answer to 
the challenge presented by the Lexus 
LS400 and Nissan Q45, two V8-powered 
luxury cars that reformulated the price- 
power equation. 

It also widens another gap—at $80,900 
for the 750iL, the 12-cylinder engine now 
represents a $22,900 premium, likely the 
most expensive engine option in the world. 
Despite the extra cost, the big V12 pro- 
vides only a marginal improvement in 
performance over this new high-tech V8. 


`< 20-KILOWATT DC ELECTRIC MOTOR 


Peugeot's 106 Electrique will go into test fleets in France this year in 
with the required infrastructure, including recharging posts at parking lots. 


Forward-looking collision control uses 
an audible and visible signal to alert 
the driver. It also could be modified to 
provide side-impact warning. A backup 
aid is activated by the vehicle’s reverse 
gear, which would trigger a rear-facing 
radar that alerts the driver. A lane- 
change warning is activated by a turn- 
signal.—Lindsay Brooke 


Electric milestone 


Another milestone has been reached in 
electric-car development, though it was 
hardly noticed. When Peugeot intro- 


| duced the electric version of its 106 


three-door hatchback at the Interna- 
tional Motor Show in Paris recently, 
the car wasn’t up on a pedestal under 
the glare of spotlights. Instead, it was 
simply parked next to its siblings—gas 
and diesel versions of Peugeot’s ubiqui- 


| tous entry-level car. 


The plug-in 106 Electrique uses nick- 
el-cadmium batteries, which are placed 
in three boxes that are ventilated to 
prevent the accumulation of gases. The 
location of the batteries also equalizes 
weight distribution with about half of 


the nickel-cadmiums located under the | 


hood near the car’s electric motor and 
the rest under the floor in the rear. 


Peugeot claims a top speed of 55 mph | 


for the car. At an average speed of 30 
mph, the car’s range is about 90 miles. 
A full recharge of the battery pack 
takes from 8 to 10 hours, using the on- 
board charger and a 16-ampere 230- 
volt household socket. A 20-minute 
recharge provides a 25-mile range. 
Operation is much like driving a car 
with an automatic transmission: The 


accelerator controls forward motion; | 


applying the brake recharges the bat- 
teries. À push button on the dashboard 
selects reverse. 

Peugeot plans to offer the car for fleet 
and private use beginning in 1995. The 
company has not released a sticker 
price.—Richard Stepler 


Machines like this don't just happen. But in building the Heritage" Softail Classic, we really had to answer only to ourselves. 
Maybe it's time you thought about doing the same thing. 
Call 1-800-443-2153 for the location of a Harley-Davidson* dealer near you. 


Through and Through: 


We care about you. Sign up for a Motorcycle Safety Foundation rider course today, Ride with your headlight on and watch out for the other person. Always wear a helmet, proper 
eyewear and appropriate clothing, and insist your passenger does too. Protect your privilege to ride by joining the American Motorcyclist Association. © 1992 Harley-Davidson, Inc. 
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Why settle for some 2-bit power tool? 


The Dremel Moto-Tool is the compact, high-speed rotary 


tool that’s extremely versatile. With variable speeds, rang- 
ing from 5,000 to 30,000 RPMs, and over 150 specially 

designed bits and accessories, it allows you to complete all 
kinds of tasks, on all kinds of materials. 


With the right bit and the right speed you can sand, carve, 


shape and rout wood. Change the bit, adjust the speed and 
use the Moto-Tool to grind, cut and deburr metal. You can 
even use it to shape and cut plastic or polish silver. 


If we were to list all the ways you could use the Dremel 
Moto-lool, this ad would go on forever. However, you can 
geta 95 page, detailed guide that explains bits, speeds 
and 175+ uses, in specially marked Moto-Iool boxes at 
hardware, home center and hobby stores. Or write to 
Dremel, Dept. PS, PO. Box 1468, Racine, WI 53406-1468, 
for a free copy. 


DREMEL MOTOTOOL 
High-Speed Rotary Tool 


Home Newsfront 


Edited by MARIETTE DiCHRISTINA 


Mapping radon 
Every home should | 
be tested for radon, a 
naturally occurring 
odorless gas that has 
been linked with 
lung cancer, says the 
EPA. And if indoor 
radon levels are more 
than four picocuries | 
per liter of air, the 
agency advises home- 
owners to take ac- 
tion. But are there 
regions of the coun- 
try where harmful 
levels of indoor radon 
are more likely? 
Directed by the 
Radon Abatement 
Act of 1988 to identi- 
fy such areas, the 


pem ZONE 1 (MORE THAN 4 PICOCURIES PER LITER OF AIR) 
a ZONE 2 (2 TO 4 PICOCURIES PER LITER OF AIR) c 
| | ZONE 3 (LESS THAN 2 PICOCURIES PER LITER OF AIR) 


In this draft map, Zone | (red) indicates the potential elevated indoor radon levels; Zone 


EPA has worked 2 (tan) is variable; and Zone 3 (green) has the least potential. 


closely with the U.S. 

Geological Survey to create a prelimi- 
nary map (see illustration). Several ele- 
ments were factored in as the map was 
created. “It’s an algorithm of five differ- 
ent variables," says Kirk Maconaughey, 
chief of the problem assessment branch 
at the EPA in Washington, D.C. These 
variables are: indoor radon data, geolo- 
gy of the area, aerial radiometric data 
from Department of Energy maps, soil 
factors, and house foundation type. 


The map is not intended for the pub- | 


lic, but rather to help public planners 


determine building standards and allo- - 
cate funding and direct efforts for 


radon-education programs. Detailed 
books would accompany the map, 
which was to be finalized early in 1993, 
after incorporating input from states. 
Even then the map won't be a perfect 
predictor for elevated levels of indoor 
radon, cautions the EPA, because 
radon levels can still vary from house 
to house on the same block. 


Clearing the air 


As houses become more tightly insulat- 
ed, proper ventilation is crucial to 
keeping indoor air free of pollutants. 
Now a new ventilation controller from 
Gaztech International of Goleta, Calif., 


es an excess of carbon dioxide, humidi- 

ty, or toxic gases such as carbon monox- 

ide. It also serves as a smoke detector. 
In pilot production by the end of last 


| est known cosmic rays. 
can call for more fresh air when it sens- | 


year, the Ventostat 2001 Series was in- 
troduced at the January meeting of the 
American Society of Heating, Refriger- 
ation, and Air-Conditioning Engineers 
in Chicago. It is based on the same 
technology as the company’s carbon- 
dioxide sensor and ventilation con- 
troller, the Tuneaire [“New American 
Home: The Future is Now,” Feb. '92]. 
The sensor relies on a system called 
Non Dispersive Infrared Technology. 
Originally developed by the military, 
this technique has been used in ex- 
pensive medical and gas-sensing in- 
struments since the 1950s. Jacob 
Wong, president of Gaztech, says the 
company has simplified the technolo- 
gy to create a less expensive patented 
solid-state device with no moving parts. 
The Series 2001 sensor can recognize 
specific gases that have poly- 
atomic molecules, such as car- 
bon dioxide, ог CO». Each of 
these has a unique “signature,” | 
called an absorption band, in | 
the middle infrared region of the 
electromagnetic spectrum. The 
spectrum is the range of wave- 
lengths or frequencies of electro- | 
magnetic radiation, from the 
longest radio waves to the short- 


In the sensor, molecules dif- 
fuse through a permeable mem- 


ALTERNATING INFRARED- 
RADIATION SOURCE | 


molecules. Infrared 
radiation emanates 
from a source on one 
side of the cham- 
ber; at the other 
side, a filter permits 
only selected wave- 
lengths of the in- 
frared spectrum to 
pass. These wave- 
lengths show which 
molecule has been 
sampled. When a 
microprocessor de- 
termines that too 
many of this mole- 


controller signals for 
more fresh air. 


a 


5 ous indoor-air-qual- 
ity problem, but it 
helps dilute pollu- 
tants,” says Wong. 

“If ventilation is adequate and people 
still get sick, then you have to identify 
the source, such as chemicals that out- 
gas from new materials." The sensor 
will initially cost around $160 to $200, 
depending on production volume. 


Blocking furniture fire 
In an idea borrowed from the airline 


industry, researchers from Du Pont | 


and the National Institute of Stan- 
dards and Technology (NIST) are test- 
ing the effectiveness of a fire-blocking 
barrier on upholstered furniture. 

“The NIST tests will allow the people 
who make furniture to screen materials 
that could be a fire problem,” says Her- 
man Forstem of Du Ponts Fibers & 


Composites Development Center. The 


MOLECULE 


AIR / GASES 


BF EY WAVELENGTH 
Ly SAMPLING FUER 

< CHAMBER WITH 
VREFLECTIVE WALL INFRARED 
DETECTOR 


brane into a sampling chamber, Gas molecules that diffuse into a sampling chamber are 
which also acts as an optical fo- identified by their unique infrared absorption signatures in a 
cusing element to help *see" the new ventilation controller. 
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JANA BRENNING 


cule are present, the | 


“Fresh air alone 
“ does not solve a seri- | 


FIREPLACE 


BURNIN 
BETTER 


BY JOHN F. WASIK 


ver since our ancestors began burning wood in caves to 
keep warm, the fireplace has held a place of importance 
in human domiciles. Unfortunately, while today's fumaces 
are up to 90 percent efficient, traditional fireplaces still 
generally employ Stone Age technology. At best, they are 15- 
percent efficient—and they have a nasty habit of sucking heat 
out of a room and throwing it up the chimney due to updrafts 
and pressure drops. 

Because they burn inefficiently, such fireplaces produce pol- 
lutants; in fact, some areas of the country have banned fire- 
places in new construction (“Ноте Newsfront,” Oct. '91]. But a 
new generation of hybrid hearths is putting a damper on the 
home's most attractive energy vampire. 

So-called zero-clearance fireplaces take proven wood-stove 
technology and marry it to the traditional fireplace. Called zero- 
clearance because they seal the fireplace cavity (and don't 
stick out), these units are more like wood stoves and fumaces 
than traditional fireplaces. The units also contain secondary- 
combustion technology that dramatically reduces particulate 
and carbon monoxide emissions. 

The latest fireplaces employ a mix of blowers, ducts, baffles, 
and dampers to trap most of the heat that would otherwise 
shoot up the flue. Most have vents that recirculate the heated 
air back into the room. More expensive units can even con- 
nect to ductwork, thermostats, and zoned heating systems for 
central heating. Besides using wood, a renewable resource, 
this can save money: In a 1988 paper from the Bonneville 
Power Administration, wood was found to cost about $6 per 
million Btu (at $100 per cord) to burn, versus $8 for the same 
amount of heat from gas 
($0.6/therm), $10 for 
heating oil ($1/gallon), or 
$17.60 for electricity 
($0.06/kilowatt-hour). 

The latest fireplaces 
also borrow from wood 
stoves by using sealed 
fireboxes and glass/met- 
al doors and fronts to ra- 
diate heat into the room. 

RSF Energy, based in 
Smithers, British Colum- 
bia, makes two high-effi- 
ciency zero-clearance 
units—the Opel and the 
Onyx. Both combine the 
attributes of modern 
wood stoves and fur- 
naces by offering air- 
wash (to keep smoke 
from settling on glass doors), internal fans, thermostats—and EPA certi- 
fication for acceptable emissions. 

In the Opel 2000, RSF offers a catalytic combustor for zoned heating 
capability, to further reduce emissions, and as a gas-conversion option 
(see illustration). The company claims that the model is a remarkable 
80-percent efficient overall with the damper a quarter open. In some 
homes, it's possible to duct a central-heating system from the unit. The 


Thé Free-Flome Heo 
burns with up to 50 percent efficiency. 
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By combining a catalytic combustor, dampers, and airflow control, the Opel 
2000 burns deaner than other fireplaces. 


basic fireplace retails for $2,195, but could cost as much as $4,000 in- 
cluding ductwork, thermostat, and installation. 

Another fireplace that borrows from wood-stove technology is the 
Free-Flame Heat-Circulating Fireplace from Majestic of Huntington, 
Ind., which features secondary combustion that produces 50 percent 
less emissions than a conventional fireplace. A second wall within the 


firebox recirculates hot air back into the room. Majestic's unit is estimat- | 


ed to be about 40- to 50-percent efficient. 


While the EPA certifies and regulates emissions standards, it doesn't 


certify combustion, heat transfer, or overall efficiencies. Robert McCrillis, 
a senior project engineer with 
the agency, says efficiency 
numbers used by manufac- 
turers are usually based on a 
"default value based on EPA 
field studies" and may not 
represent the actual efficiency 
of the fireplace in the home. 
Efficiency also depends on 
damper settings, the type of 
wood used, installation, and a 
number of other factors. 


firebox grates help drcv- 
ager sos dmi 


STEVE KAHP 


fire-resistant layer, made of Du Pont 
Kevlar aramid fibers, is placed between 
the furniture's outside fabric covering 
and its foam cushion. While the outside 
fabric may burn or char, the barrier 
would help prevent the entire chair 
from being engulfed in flames. 

"The Kevlar chars around 800 to 
900°F,” says Forstem. “It has a nega- 
tive coefficient of thermal expansion; 
that means it doesn't shrink or break 
open," which helps to stop the flame 
from reaching the cushion material. 

A series of small samples, four 
inches square and two inches thick, is 
currently being burned in a test device 
| called a cone calorimeter [“Ноте News- 

front," Oct. '91]. Based on the results, 


| NIST will conduct full-scale tests on | 


entire pieces of upholstered furniture 
| made with the barrier material. 


In addition to airplane seating, such | 


open-flame-resistance tests are re- 
quired for furniture used in public ar- 
eas in several states, says Forstem. 
While an open-flame test requirement 
exists for household furniture in Eng- 

land, says Forstem, it isn't mandatory 
yet in the United States. 


New ways to cool 


Outside, they will still be bulky and 

| | boxlike; but inside, refrigerators are 

| undergoing an environmental over- 

| haul. Two efforts, from companies in 

Italy and Germany, replace ozone-dam- 

aging chlorofluorocarbon refrigerants 
with more benign fluids. 

The prototype of the first refrigera- 
tor, Green Frost by EniChem Polimeri 
of Italy, uses the same vapor-compres- 
sion cycle found in today's household 
Diii. Fama it circulates HFC- 

134a, a hydrofluo- 
a О rocarbon refriger- 
| ant. The unit has 
two refrigeration 
modules and a 
freezer made en- 
tirely of polystyrene 
and insulated with 


styrene, making 
both recycling and 


| easier. Whirlpool 
| designed a power 
ча pack that fits 
Г snugly into Green 
Frost's lower mod- 


Ina prototype refrig- ше, allowing easi- 
erator from Italy, the ег removal for re- 
three modules and in- pair and recycling. 
sulation are all mide А bonus is that the 
of the same family of ugly coils are inte- 
| styrenes to si grated into the 
| recyding. blow-molded mod- 


| manufacturing | 


expanded  poly- | 


ules. EniChem is negotiating with 
manufacturers and plans to unveil an 
advanced prototype this month. 

The second refrigerator, dubbed 
Clean Cooler, uses a mixture of pro- 
pane and butane in a vapor-compres- 
sion refrigeration circuit. It was devel- 
oped by Dkk Scharfenstein in eastern 
Germany with support from the Hy- 
giene Institute in Dortmund and from 
Greenpeace. "We are worried about 
CFCs and the possible environmental 


134a,” explains Harry Rosin, a scientist 
at the Hygiene Institute. 

The system requires approximately 
an ounce of the propane and butane, 
about enough for two cigarette-lighter 
refills. A drawback is that energy con- 


sumption remains around 25 percent 
above today's average; engineers want 
to remedy this by using smaller tubes 
to keep the refrigerant from vaporizing 
too quickly. This refrigerator also uses 
expanded polystyrene insulation, but 
has no freezer unit. —Vivien Marx 


impact of replacements such as HFC- 
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Home Newsfront 
Cooking up better lumber 


Having changed the kitchen forever, 
| microwave ovens may now create a 
| small revolution in wood technology. 
Researchers in Japan are microwav- 
ing whole logs, then compressing 
them to form high-grade lumber— 
even from runty, crooked trees that 
would ordinarily become wood pulp. 
While still in the research stages, the 
| technique can produce superior lum- 
ber. At the same time, it would make 
more efficient use of wood resources, 
perhaps relieving pressure on the 
old-growth forests that today provide 
the best structural-strength lumber. 
Giant microwave ovens are used to 
heat whole, debarked logs to about 
212°F. This makes the logs, still hold- 
ing high moisture levels, mushy 


enough to dent with a finger. Each log | 


is then compressed from all six sides 


into a board shape using about 142 | 


pounds per square inch of pressure. 
Then it is heated again to remove 
much of the remaining moisture— 


about four gallons from a cedar log | 
that is about a yard long and eight | 
| —David Dobbs 


inches in diameter. 


saucy aes 


= 


Recipe for better lumber: Zap with microwaves, compress, and zap again until moisture is removed. 


The process produces squared-off 
timber that retains natural grain 
patterns, but is superior in many 
ways to ordinary lumber. The in- 
creased density makes the wood 
stronger; relatively lightweight Jap- 
anese cedar, for instance, assumes 
the structural strength of dense cy- 
press when treated. The microwave- 
treated lumber also has a tighter, 
more consistent cell structure, and so 
it is less likely to warp or split. 


"deen зримо hangin ah ue 


strength and insulative value to a vacuum panel. 


It's common in walls and attics; now fiber- 
glass insulation could make a retum ap- 
pearance in refrigerators. A new vacuum- 
panel concept from Owens-Corning of 
Toledo, Ohio, gets its structural support, as 
well as some insulative value, from fiber- 
glass formed as a rigid board. 

“It's got a core of fiberglass encapsulated 
in a thin-gage steel case,” explains Warren 
Wolf, the company’s director of construction 
products. “The panel is evacuated and her- 
metically sealed.” The principle is the same 
as that used in a thermos bottle. Maintaining 
the vacuum is crucial to the panel's perfor- 
mance; Wolf says experience in other in- 
dustries shows that steel can do this for the 
life of the refrigerator. 

Under development since 1989, the panel 
is one of several separate efforts to create 
non-chlorofluorocarbon (CFC) alternatives 
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to the urethane foam insulation that 
replaced fiberglass as refrigerator | 
insulation during the 1970s ['Home 
Newsfront,” Nov. ‘92; “Refrigera- 
tors That Stay Cool Without CFCs,” 
July '90]. CFCs, which are used to 
expand the urethane foam, are be- 
lieved to damage Earth's protective 
ozone layer and are being phased 
out of use. 

Tests by Maytag Corp.'s Admiral 
division, using the Owens-Coming 
panel in a 19-cubic-foot refrigera- 
tor, produced an insulative value 
of R-50 per inch. Urethane foams 
are about R-8 per inch. The tests 
also showed energy savings of 15 percent 
compared with standard insulation. 

The panel is now undergoing cost-feasibil- 
ity studies while 
Owens-Corning m 
talks with other 
manufacturers. “It 
would be a more 
expensive alter- 
native to what's 
on the market to- 
day," notes Larry 
Solari, a compa- 
ny spokesman. 
But compared 
with other de- 
veloping alter- 
natives, “the sys- 
tem becomes very 
cost-effective." 


The steel skin is predicted 
to maintain a vacuum for 
some 20 years. 


Wood replacement uses trash 


The demand for recycled materials, es- 
pecially paper, hasn't kept pace with 


STEVE STANKIEWICZ 


the explosion of recycling programs | 


around the country. But Gridcore, a 


sturdy substitute for plywood and wood 


panels made from cardboard, used of- 
fice paper, wood pulp, and even plastic, 
may help change that. 

Gridcore is easy to make. Pour a 
slurry of used paper or wood pulp over 
a rubber mold that looks like a waffle 
iron. Vacuum out the water through 
tiny holes in the mold, then press and 


heat. The result is a flat board with a | 


honeycomb grid on one side. Glue two 
of these grid-to-grid and you get a light, 
strong panel. 

Tests at the U.S. Department of 
Agriculture's Forest Products Labora- 
tory in Madison, Wis., where the pro- 
cess was invented, show that Gridcore 
can be twice as strong as equal weights 
of particleboard or plywood. Panels can 
be made from one-quarter to three 
inches thick. 

"Gridcore will be a builder's and a 
handyman's dream," says Robert 
Franklin, president of Noble Franklin 
Corp. in Carlsbad, Calif., which makes 
the panels. It won't warp, won't give 
you splinters, and will securely hold 
screws. What's more, it cuts easier 
than plywood or pressboard, saving 
wear on tools. 

Gridcore panels first appeared on 
the set of a pilot for an HBO cable tele- 
vision series. Other studios and the- 


aters plan to use the panels to replace | 


lauan, a tropical hardwood from South- 
east Asia commonly used for movie 
sets and props. 

So far, the company has made panels 
from mixed wastepaper, newspapers, 


| undeliverable mail, paper from Burger 


King restaurants, last year's yellow 
pages, and a grassy plant called kenaf. 


| Adding plastic and fiberglass waste to 


the slurry makes an even stronger 


| board, says Franklin.—P J. Skerrett 
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fter forensic expert 
Rainer Henn found a 
flint-tipped knife in 
the slush, he told his 
assistants to stop 
working on the body. 
“When I saw this 
knife, I had the idea 
that this man was very old,” Henn lat- 
er reported. “From that moment I or- 
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BY SANDY FRITZ 


dered all the people to be most careful 
while getting the body out of the ice.” 

Henn and his team had no idea that 
the man they were freeing from the ice 
could be the most important discovery 
in modern archaeology. The man had 
been sealed in the Similaun Glacier in 
the Tyrolean Oetztaler Alps for 5,300 
years. He died wearing his buckskins 
and grass cape. His bow and arrows, a 
copper ax, and other tools were recov- 
ered nearby. His skin, internal organs, 
and even his eyes are still in place. 
Dubbed the Iceman by the public, but 
referred to in scientific literature as 
Homo tyrolensis, the Similaun man, 
and the Hauslabjoch mummy, he is the 
oldest and best-preserved human body 
ever found. 


sitifacts arrived via hclicoptal or- 
University of Innsbruck's Institue `. 
Forensic Medicine in October 1991, the — - 
university's dean of prehistory, Konrad — 
Spindler, was on hand. “I felt like 
Howard Carter staring onto the like- 
ness of King Tut,” he recalls. 
In fact, the find will probably px roye 
to be far more important than the dis: 
covery of King Tutankhamen, b 
Tut's 3,344-year-old tomb on 
to further illustrate the opu 
Egypt’s well-known pha: 
Iceman is nearly 2,000 yee 
his discovery illuminates 
mysterious time period. | 
remain of the people who farm 
hunted in the forests of Evirope ¢ T 


HIGH TECHNOLOGY 
FROM THE LATE 
STONE AGE 


The Iceman’s unique grass cape 
is a masterpiece of utility and 
economy. In addition to serving 
as а water-repellent, insulating 
top coat, it may have doubled 
as a bedroll. It was almost 
certainly made by the man 


It is quite probable that 
the Iceman wore a hat. 
A ball of fur, still 
frozen in the ice that 
surrounded it, is among 


himself and shows considerable the objects being stored 

skill in the weaving, knotting, in Italy, and may prove 

and splicing of the grass. to be his hat. Since 
there is not yet an 
official verdict on the 


object, this painting 
shows the Iceman 


2 up most of the 
se S e have 


solution. This sain depicts the 
coat as if it were worn with the 

fur side next to the skin, but it ! 
may have been worn with the fur 7 
side out. 


Clever expandable shoes had a 
multitude of eyelets. The design 
allowed the Iceman to wear the 
shoes snugly around his bare feet or 
to accommodate wads of insulating 
hay simply by relacing the strings. 


Leather work, a 


Pia |. 


man’s c ою Although 
most of his garments are in 
tatters, additional pieces of the 
мечи... puzzle may be revealed when 
| ^T artifacts being stored in Italy 
ture officially released for study. 


„= 


BOW, ARROWS, AND QUIVER 

The world's oldest quiver (top), is 
made of deerskin. Inside were 12 
"blank" arrows of dogwood (bottom), 
and two finished arrows—with feath- 
ers twisted slightly to produce a spiral 
flight. A yew long bow (center) was 
broken during the recovery. 
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KNIFE AND FLINT SHAPER 

Soft and flexible willow wood is the material for a curious five- 
inch-long tool (top). The nipplelike point is either hom or antler, 
which runs through the center of the object. It was probably 
used for shaping flints. The knife (bottom) was carried in a PACK TOOLS 

sheath of plaited grass and may have been worn at the waist. Gray flint for scrapers (above) and the knife (far left) comes from 
an area south of the Alps, in the northern Italian region of Monte 
Lessini. It probably reached the Iceman via trade networks. The 
needlelike awl (top) is a splinter of bone. Grass string (left) is an 
example of the handcrafted lashes found at the site. 
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the late Neolithic Age. Now, a single 
individual from that shadowy time has 
« emerged from a retreating alpine 


.9 glacier completely outfitted with 


clothes, tools, and weapons. 
The preservation of the body ranks 


- 5 among the true freaks of nature. In 


€ late summer or autumn around 3,300 
& B.C., a 25-to-35-year-old man wander- 
ing above the tree line at about 10,500 
feet took shelter in a natural trench 
nearly six feet deep and 20 feet wide. 
He died there. Exposure to several 


UNIVERSITY OF INNSBRUCK 


т weeks of cold winds mummified the 
z body. Snowfall froze the mummy, and 
Е centuries of snowfall became a glacier. 
8 Sheltered in the trench, the frozen 
8 body was spared most of the shearing 
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forces of the glacier. Then, during the 
unusually hot European summer of 
1991, a pair of German hikers spotted 
- a leathery skull and a shoulder pok- 
ing out of 


85 the distinct sig- 
nature of natural im- 
purities. Researchers 
plan to hunt down 
— occurring 
copper deposits and 
match the signatures 
to determine where 
the ax was made. 


the glacier and contacted the police. 

Nobody rushed to the scene. The 
melting alpine glaciers had already re- 
leased six corpses that summer. The 
others were 20th-century climbers 
whose bodies, full of moisture, had 
turned waxy and had been partially 
pulverized by the glacier's slow, pon- 
derous movement. The Iceman's body, 
however, was virtually undamaged. 
That is, until his rescue. Unfortu- 
nately, the man who died fully clothed 
arrived at Innsbruck totally naked, ex- 
cept for a shoe. 

“Thirty men with picks and com- 
pressors worked on him,” groans 
Werner Platzer, dean of physiology at 
the University of Innsbruck and leader 
of the team studying the body. “The 
body froze at night and thawed during 
the hot sun for days while the rescue 
effort was under way. They had no idea 
how old he was.” 

The rescue caused the most promi- 
nent disfiguration of the body, tearing 
a sizable chunk from the left hip. The 
penis is missing, probably ripped off 
with his pants. What was most likely 
a backpack was largely destroyed, 

and what later turned out to be a 
long bow was broken. In their 
haste to ferry the find back to 
Innsbruck, the recovery team 

left some material behind. And 
by the time everyone had collect- 
ed their wits after the first wave 
of excitement passed, ten feet of 
snow covered the site, sealing it 
for the winter. 

The Iceman has spent most of 
the last 17 months swaddled in 


In 1984, a peat cutter spotted a foot pro- 
truding from a clod of peat near Man- 
chester, England. But it wasn't until 1990 
that the full story behind the body—pre- 
served in an acidic bog rather than in 
ice—ftinally came to light. 

Only the upper body and one foot were 
found; the other parts were probably 
chopped up with the surrounding peat and 
sold as fuel many years ago. The victim, 
estimated to be a 33-year-old man, was 
murdered in a particularly gruesome man- 
ner around 50 A.D. 

Peat Moss, as the British public calls 
him, was brained so hard with an ax that 
the force of the blow sheared off the top of 
his molars. A thin leather noose was then 
twisted tightly around his neck with the aid 
of a stick, crushing his windpipe. At the 
same moment, an expertly placed jab 
lanced his jugular vein, apparently to drain 
his blood. Finally, Peat Moss was dumped 
into a pool of black water. 

The overkill has been linked to a human 
sacrifice ritual that was held during the 


an icy cocoon at the University of 
Innsbruck's forensic laboratory. In life 
he stood five feet three inches tall, 
weighed about 110 pounds, and sported 
dark hair and a beard. Today he weighs 
44 pounds and lies frozen in his death 
position, naked, shriveled, and bald. To 
slice off a section of skin for testing, re- 
searchers would need a saw, not a 
scalpel. "He's like a slab of meat that 
has been in the freezer for too long," is 
how Platzer describes the body. 

A blanket of surgical gauze protects 
the Iceman's skin; on top of that is a 
layer of crushed ice rendered from 
sterilized water. A layer of plastic cov- 
ers the ice, more sterilized ice is 
heaped on top, and a final plastic wrap 
encloses the body, guaranteeing hu- 
midity of 96 to 98 percent next to the 
skin. The cocoon sits inside a high-tech 
freezer maintained at a glacial temper- 
ature of —6°C (21.2°F) and monitored 
by an elaborate system of sensors. Six 
temperature sensors are rigged to set 
off alarms and portable pagers should 
the temperature rise by a few degrees. 


emoving the body from its cocoon 
В inspection is somewhat trau- 
™ matic. The uncovered mummy re- 
clines inside a chilled glass box filled 
with filtered, sterilized air. Researchers 
have but 30 minutes for their work be- 
fore the mummy is hurried back into 
its icy chamber. It takes 48 hours for 
the body to return to its storage tem- 
perature. 
Because physical examination of the 
body endangers it, researchers are de- 
veloping a comprehensive database 


An acidic peat bog preserved this body. 


Celtic celebration of Beltain. Three blood- 
thirsty deities needed attention at this time 
of year, so it appears that Peat Moss was 
triple-killed in order to satisfy all of them. 
Folklore says that whoever selected the 
burned bread at the feast would be sacri- 
ficed. And indeed, Peat Moss had the re- 
mains of a burned grain pancake in his 
stomach.—5. Е 
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BRITISH MUSEUM 


WHO OWNS ШЕ ICEMAN? 


When the Iceman was first found in the 
Oetztaler Alps, his 5,300-year-old body 
and equipment were presumed to be the 
property of Austria. But a closer inspec- 
tion by surveyors revealed that the corpse 
was found about 100 yards inside the bor- 
der of Italy's South Tyrol. He is therefore 
the property of Italy. 

The body will remain in Innsbruck, 
Austria, and the equipment in Mainz, 
Germany, until Sept. 19, 1994—three 
years from the date the Iceman was dis- 
covered. If the researchers need more 
time to investigate the remains, they may 
petition for an extension. Meanwhile, it 
costs about $10,000 a month to maintain 
the body in its chilly preservation chamber. 

Very few people have seen or examined 
the finds recovered from the site last sum- 
mer. These artifacts are being held in 
South Tyrol, tangled in red tape. 
Provincial officials there plan to build an 
Iceman museum; they would like to dis- 
play the body in a refrigerated case. 

Werner Platzer, head of the University of 
Innsbruck's Anatomical Institute and lead- 


that allows them to study the body in 
detail without touching it. Using com- 
puterized axial tomography (CAT) 
scans—three-dimensional images con- 
structed by a computer from a series of 
cross-sectional X-ray pictures—re- 
searchers can view the Iceman’s bones 
and organs on a computer screen. The 
same CAT scan data, combined with a 
computer-assisted drafting program, 
have allowed researchers to create a 
three-dimensional plastic skull that is 
an exact replica of the original. 

Platzer has made a few tentative 
conclusions based on preliminary 
investigations: The man died lying on 
his left side, with his left arm extended 
across his rump. His current pos- 
ture—face down with his left arm 
cushioning his forehead—is the result 
of the sliding glacier dragging his arm 
upward. 

A CAT scan revealed that the 
Iceman’s left arm is broken above the 
elbow. Initially, Platzer suspected the 
break occurred when the brittle body 
was rescued. “But his dry skin was 
not torn, so it might have taken place 
in ancient times,” Platzer explains. “It 
may have been an old break that 
healed, or it may have happened just 
prior to his death. I just don’t know at 
the moment.” 

Platzer also says the man has a deep 
groove in his right ear lobe, suggesting 
that he wore an earring. But a two- 
inch disc of white stone with a spray of 
leather fringe was the only jewelry 
found, and it was probably worn on a 
leather thong arqund his neck. 

Other adornifient includes a series 
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The Iceman surfaced near the Austrian- 
Italian border in the southern Alps. 


er of the team researching the body, says 
ownership of the body is meaningless. 
“Where he ends up is not important,” 
Platzer says, “so long as he is well taken 
care of and receives the respect that is his 
due."—S. F. 


of enigmatic tattoos: four three-inch- 
long stripes mark the top of his left 
foot, a cross dots the left kneecap, and 
14 bars run down the small of the 
back. “His clothing would have covered 
the tattoos,” observes Konrad Spindler, 
who is overseeing the entire investiga- 
tion of the body and the equipment. 
“They were not meant to be seen pub- 
licly. In this sense, they are not like 
modern tattoos at all. They must have 


had significance to him alone.” 
A the tattoos to ascertain 

how they were made. Some prim- 
itive peoples tattoo their bodies by 
pricking the skin with a needle and 
then rubbing ash or pigment into the 
wound. The Iceman could have used a 
similar technique to make the tattoos 
on his own foot and knee, but the bars 
on his back are clearly the work of an- 
other person. 

Another visible clue about the man 
are his worn teeth, suggesting that his 
diet included gritty bread. Two grains 
of primitive wheat were recovered 
from the fur of his coat; the grains are 
evidence that he may have lived in or 
near a lowland farming community at 
the foot of the Alps. 

Farming communities spread 
through the virgin lands of Neolithic 
Europe some 7,000 years ago. The first 
farmers slashed and burned hardwood 
trees, sowed wheat in the clearings, 
and pastured their sheep and oxen in 
the woods. The area was already peo- 
pled by a semi-nomadic folk skilled in 


team of Dutch researchers will be 


hunting, tracking, and fishing. The . 


two cultures eventually merged, as the 
idea and practice of farming spread 
throughout Europe. The Iceman re- 
flects this hybridization: He probably 
subsisted on bread, yet could easily 
sustain himself with materials from 
the surrounding woods. 

While the Iceman's body lies pre- 
served in Innsbruck, his belongings 
are being housed and studied at the 
Roman-Germanic Central Museum in 
Mainz, Germany. Under the watchful 
eye of archaeologist Markus Egg, 
leather objects have been meticulously 
cleaned, greased, and dehydrated, and 
can now be handled. Artifacts of grass 
have been freeze-dried to dispel mois- 
ture. Wooden finds were cleaned and 
bathed in vats of thin, warm wax, 
which replaces moisture in the wood to 
prevent rotting. 

One of the most remarkable wooden 
objects found was a long bow, hewn 
from the strong but flexible heartwood 
of a Tyrolian yew tree. Yews still grow 
in the valley below the Similaun 
Glacier where the Iceman was found, 
and in the past this valley was famed 
for the high-quality bow staves it pro- 
duced. This, and the fact that the 
Iceman's bow was unfinished at the 
time of his death, suggests he had just 
cut his stave in the valley. : 

The sheer size of the bow tells us 
something about the man. Broken in 
half during the rescue, the bow origi- - 
nally spanned five feet ten inches— 
seven inches taller than its owner. 
^You can't make them much bigger 
than that," says Christopher Bergman, 
principal archaeologist with 3D/En- 
vironmental Services in Cincinnati. 

Bergman is an experiential archae- 
ologist who studies prehistoric bows 
from around the world. He crafts repli- — 
cas in the same manner as the an- 
cients, and then uses them in real- 
world settings to see how they 
perform. Bergman once made a five- 
foot-eight-inch yew bow and says it 
drew about 90 pounds: To pull the bow 
string back for firing required the 
same strength needed to lift 90 pounds 
with one hand. Bergman tested this 
weapon on a hunt. His shot blew a hole 
though a deer’s chest cavity from 30 
yards away, “and right out the other 
side, and still going," he recalls of the 
arrows flight. “I wouldn't want to 
stand in front of it.” . 


The bow's underbelly bears marks- S 


from the discovery’s most striking find, 
a copper ax. The four-inch blade ap- 


pears to have been cast from molten 27 


metal poured into а mold; when cooled, 


it was worked with a hammer. The... 
blade was hafted in an L-shape crook — 
of yew wood and lashed in place with .- 


leather thongs soaked in glue, proba ~~ 
[Continued pag! | = 


Most people fear and avoid lightning. 
Warren Faidley, the world’s preeminent 
lightning photographer, makes a career of 


pursuing it. Here’s how. 


BY ROBERT GANNON e PHOTOS BY WARREN FAIDLEY 


ilhouetted against a sunset the color ош 
raw meat, Warren Faidley checks] 
cameras—three still, one movie—aimA Ub 
ing, focusing, pausing only to swat mosqui- | 
toes. It's muggy and hot, down only a ый 
degrees from the high of 107. m 
good. The midsummer mohs 
settled around Tucson, Acn ad th: 
thick air has that pre-storm feel: heavy and qui 
et, vaguely ominous. And that's perfect. 
Thirty-five-year-old Faidley is a full-time 
storm photographer, probably the only 
one in the world, and he's at work. 


Just to the south looms a massive, 
muddy thunderhead. It writhes in 
slo-mo, stretching out nearly over us. 


Multiple lightning strikes 
are captured in this time 
exposure of a massive 
storm in Arizona, with 
the lights of Tucson in 
the foreground (above). 
The purple color in the 
shot at right results 
when powerful bolts 
ionize paths 

through the air. 
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"That has real potential," he says 
squinting up into the swirls. *Looks in- 
tense. But maybe not; it can fool you." 

This is the time of year to hunt for 
lightning, and this, the southeast cor- 
ner of Arizona, says Faidley, is the 
place—the lightning capital of the 
world. From mid-July through early 
September, the monsoon (which comes 
from “season” in Arabic and means a 
wind-pattern shift) pulls moist air 
from the Gulf of Mexico and coddles it 
across the Arizona landscape to cook 
in the daytime and wring out at night 
with sometimes awesome results. 

In an ideal year, a storm rises some- 
where near Tucson, Faidley's home, al- 
most every evening. But this year has 
been rotten. In fact, the last really good 
lightning year was 1987. In the last 


couple of days, though, the | 


wind pattern has shifted, 


and the buildup we're | 


looking at may become a 
thunderhead. 

Tonight is the third time 
we've hunted. The first, 
two nights ago, found us 
parked on a Sonoran 
Desert knoll north of the 
city, watching lightning 
jigging in storms far in 
the distance. We had 
squealed to a stop an hour 
before, and Faidley had 
three cameras set up in a 
half minute. But unfortu- 
nately, the storm never 
moved in. 

Our second lightning 
quest took us east of Tuc- 
son, on a wild drive up a 
twisting, rutted road 
through the Coronado 
Mountains—rocks blast- 
ing out behind us, dust 
rising like a shroud— 
while Faidley dodged cor- 
pulent rattlesnakes warm- 
ing themselves on the 
road, lumbering tarantu- 
las, and Colorado River 
toads the size of cats' 
heads. From the top of 
each rise as twilight deep- 
ened, we could see our ob- 
jective: a pair of giant 
cumulonimbus clouds 
growing over the far 
plains. *Merge! Merge!" 
said Faidley to the sky. 
"Make a monster storm, a 
supercell, a megavent!” 
(When he’s on a chase, he 
talks like that.) “But wait 
for us.” 

They didn’t wait. They 
blossomed, merged, then 
exploded upward, and 
their tops reflected light- 
ning raging below. But we 
were still trying to find a 
vantage point, and by the 
time we topped the last 
rise, with the plains 
stretched out before us, 
the storm had died. 

The next morning, 
Lynne Shumaker, a mete- 
orologist with Tucson’s 
National Lightning Detec- 


LIGHTNING FACTS - 


* Right now, lightning is 
striking the earth at a 
rate of 50 to 100 times a 
second. Its produced 
by the 1,900 thunder- 
storms now raging 
around the world. 

* Most lightning flashes 
remain in the cloud. 
Almost all of the rest 
strike the ground; cloud- 
to-cloud and cloud-to- 
air discharges are rela- 
tively rare. 

Most flashes, made up 
of multiple strokes 
about a millisecond 
long, last for about a 
half-second with paus- 
es between. A stroke 
may be only as wide as 
a finger, yet several 
miles long. 

‘Tampa, Fla., tops the 
nation in thunderstorm 
days. The Tampa Elec- 
tric Co. replaces a half- 
million dollars’ worth of 
lightning-ruined trans- 
formers and insulators 
a year. In Florida as a 
whole, each square 
mile is struck by 25 to 
40 lightning bolts a year. 
eThe energy in an av- 
erage thunderstorm 
equals that of about ten 
atomic bombs. 
eLightning kills nearly 
100 people each year in 
the United States and 
injures another 250. 
(Ten percent of people 
struck by lightning live 
in Florida.) That's more, 
in most years, than the 
combined victims of tor- 
nadoes and hurricanes. 
eCaught in the open? 
Stay away from trees, 
telephone poles, wire 
fences, rails, clothes- 
lines. On the road, a 
hardtop vehicle is safe; 
convertibles, bikes, mo- 
torcycles, golf carts, 
and tractors are not. If 
you feel tingly or if the 
hair on your arms be- 
gins to stand, immedi- 
ately drop to your knees 
and bend down (don't 
lie flat). If you're in a 
rowboat, lie down and 
hope.—H. G. 


Each dot represented one 
cloud-to-ground strike. 
There were scores of 
them. But for us, there 


| have been no photos. 


So now, a few days lat- 
er, we're out again. We've 
run down a barely per- 
ceptible road out some- 
where west of the city, out 
with the saguaro cacti 
that in twilight look like 
aliens. It's silent here, 
eerie, with every so often 
the rustle of something 
unseen—and when you 
turn on your flashlight, 
nothing's there. 

Earlier this afternoon, 
the sky had begun to look 
promising. The dew point 
was good, Faidley had 
noted, up around 60 (it 
should be at least 50). He 
was out on his balcony 
looking for clouds. Black 
shorts, blue headband, 
barefoot, he searched the 
sky. “Storms that start to 
build around 3 or 4 
oclock," he said, "that's 
wonderful." When clouds 
grow too early, they shade 
the ground, and that like- 
ly means no storm. 
Surface heating is more 
important than high tem- 
peratures. "Ideally you 
want [the ground] to bake 
all day in high humidity." 

Faidley strode back in- 
to his office/apartment— 
a lightning poster stuck 


| on his refrigerator, light- 
| ning photos covering the 


walls. And all the time 


| The Weather Channel, 


Faidleys Muzak, played 
softly in the background. 
To recheck the winds 
aloft, he rang up Weather 
Fax, one of a number of 
telephone services for pi- 
lots, this one headquar- 
tered in Concord, Mass. 
He punched one button 
for dew point, another for 
winds, and hung up. Two 
minutes later the central 
computer signaled his 
portable fax and out 


tion Network—a nationwide array of 
hundreds of lightning sensors that, 
through triangulation and satellite 
linkage, continuously maps lightning 
activity—showed me just what we had 
missed [“Predicting Deadly Light- 
ning, May '90]. "This map is an over- 
lay of that particular storm," she said, 
holding a photocopy of a video display. 


spewed maps and reports showing lo- 
cal conditions. (Sometimes he stops at 
the Tucson weather station to consult 
more detailed charts.) “You add this to 
the TV data and what you see in the 
sky,” he said, “then mix in a dozen 
years of daily experience. One thing to 
remember is that your experience 
should be local. Mine came from here.” 
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A SUDDEN SPURT OF ELECTRONS 


RISING ICE CRYSTALS 
JG SEND POSITIVE CHARGES. 
TO CLOUD TOP — 
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Lightning is a spark, an avalanche of electrons rushing suddenly 
from one spot to another, so fast and in such quantity they cause 
the air to glow. 

Cloud physicists believe that they now understand the essentials 
of cloud electrification. Here is a simplified version: 

As water drops form and are blown upward in the center of a 
thunderstorm, most freeze into slivery ice crystals. They continue to 
rise, accumulating more moisture, and grow into mushy lumps of 
hail called graupel. Then they fall, bounce up, fall, blow up again, 
accumulating more and more layers while supported in vertical 
winds so strong they can lift hail as large as softballs. 

Each time the hail falls lower in the cloud, it crashes into the rising 
crystals of ice, knocking off and collecting negative ions, and be- 
coming negatively charged. The rising mist and ice crystals are left 
positive. Soon the cloud top acquires an overall positive charge, 
while the hail and graupel produce a general negative charge at 
lower altitudes. 

When the buildup becomes strong enough, electrons suddenly 
rush to the area of positive charge, usually within the cloud. Or they 
may flash between clouds, or even sideways into a cloudless sky. 

In a typical cloud-to-ground flash, as the cloud's field changes, so 
does the electrical characteristics of the ground under it. In at least 
90 percent of cases, the negative bottom of the cloud drives away 
negatively charged particles on the ground's surface, resulting in an 
overall positive charge there. 
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A small, innocuous flow of free electrons begins between the 
earth and the cloud. Suddenly, the charge becomes large enough 
to break through the insulating barrier of air. Electrons zigzag earth- 
ward at about 60 miles a second in what is called a "stepped lead- 
er,’ each step perhaps 180 feet long. (Nobody knows why it's 
stepped.) It produces an ionized channel—molecules in the path 
are stripped of electrons—an inch or so wide. The leader may split, 
then split again. This stroke is not terribly potent; it carries perhaps 
only 500 amperes or so and produces almost no light. 

When the negative leader reaches the ground, small, positively 
charged "connecting discharges" or "upward streamers" streak from 
upward-projecting objects—trees, steeples, golfers, and photogra- 
phers in open fields touching metal tripods. 

When one of the streamers and the leader meet, the circuit clos- 
es; a colossal "return stroke" blasts upward at about half the speed 
of light and at an average 30,000 amperes through the leader tun- 
nel. The air heats to as high as 60,000*F (five times the surface 
temperature of the sun), and its supersonic expansion produces a 
shock wave that becomes thunder. 

Things may stop there. But in most flashes, after a pause, a "dart 
leader," using the still-hot channel, zips down from the cloud (usual- 
ly without the steps) and in turn triggers one or more subsequent 
return strokes. 

All the strokes back and forth—each lasting about a millisec- 
ond—are what causes lightning to flicker.—H. G. 


IAN WORPOLE 


Not from the Midwest or East, where 
cold fronts wedge themselves under 
warm, moist air and march in 50-mile 
lines. "Here," says Faidley, "storms pop 
up in isolated systems, complete in 
themselves—and figuring just where 
becomes almost a matter of intuition." 

As the afternoon waned, the sky re- 
mained clear except for a band of 
clouds in the distance, moving slowly 
toward us. “Maybe . . . " he hesitated. 
"But they seem stagnant." We sped off 
toward them anyway—nothing else 
around—in Faidleys Honda CRX with 
its STORM-5 license plates (“5” being 
the highest rating of a storm). The car 
is midnight black so Faidley won't call 
attention to himself as he parks all 
alone in the desert. Federal agents 
looking for immigrants and drug deal- 
ers tend to suspect such nocturnal visi- 
tors. The car is packed with cameras, 
tripods, light meters, a dozen lenses, 
filters (though he rarely uses them), a 
video camera and videotapes, a carton 
of slide films of various speeds. A suit- 
case packed for a night or two away. 
You never know. 

On Faidley's lap sits a NOAA (Na- 
tional Oceanic and Atmospheric Ad- 
ministration) weather radio, report- 
ing continuously. A car phone rests in 
its tray. The car radio is on too, tuned 
not to a station but down at the end of 
the AM dial to 530 kilocycles. Faidley 
calls it “nature’s station." It is crack- 
ling, detecting lightning strokes from 
someplace. The strokes could be 50 
miles away, maybe more. Faidley's 
ear can pick up the crackle of some- 
thing near. 

We park and wait, leaning on the 
car and watching that crepuscular 
cloud band drift toward us. We're not 
looking for formed systems, Faidley 
explains, but cumulus clouds that 
might build, cells that will merge, up- 
per edges sharp, cleanly defined, 
hard, crisp. Frothy edges mean the 
cloud is dissipating. Clouds should be 
billowing—tops reaching 20,000 feet 
at least. 

For photography, your placement 1s 
important, he explains. You don't want 
to be in the storm, for then you don't 
know which way to aim. Better to be a 
few miles away, so you can see the 
whole system, then focus in close with 
a telephoto. But distant lightning isn't 
as bright as you might think. So you 
should be close enough that one stroke 
of lightning will fill at least a third of 
the frame. 

Faidley checks his equipment: two 
Nikon F3s, a Mamiya 2'4-square 645, 
and a 1920 35mm Mitchell motion-pic- 
ture camera. For the stills, he likes 
slow Fuji slide film (usually Velvia at 
50 ISO) because of its vivid colors and 
sharpness. Sometimes he lengthens 


IF YOU TAKE YOUR OWN PHOTOS . 
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| Waren Faidley a at son ates pictures. 


Here are some hints: 


о Find. vantage points with unobstructed 

` views ahead of time, before you need 

them. Figure beforehand how much time 
| you need to get there in advance. 


О То reduce camera movement, a heavy, 
| Sturdy tripod is essential. Select a view- 
| point out of the wind, and remember that 
: wind sometimes sways buildings and that 

` trucks can vibrate bridges. Use a cable re- 

lease; if your cameras won't lock open, get 

a cable release that will. 
| O A motor drive is handy. So is a small 

krypton flashlight hung around your neck 
| with a shoelace. 
| О Carry lens wipers in a plastic bag and a 

large bag to throw over the camera if the 
rain sneaks in and you have to run. 

O Use a slow slide film (try Kodachrome 64 

or Fuji Velvia 50) for high resolution, and 

begin by setting the f-stop about midway. 

Stop down if lights are in the foreground. 

О For photos on the Western plains, a long 


exposure with neutral density filters, 
and now and then uses other filters to 
balance city lights—but rarely; he 
would rather have things natural. 


eather began to enchant 
Ws early; photography 
| came later. He was born, he 
likes to say, during the heart of the tor- 
nado season in Kansas's tornado alley, 
and shortly after moved to hurricane 
country—Mobile, Ala. His mother was 
terrified of severe weather, and her son, 
rebelling, became fascinated. He re- 
members as a little boy huddling with 
his mother in a central hallway during 
a tornado watch—and fighting to get 
outside to see what was going on. 

His fascination continued through 
the years. But he couldn't legitimize 
his urge to be out there in the action 
until 1982, an El Niño year. He was in 
college then, studying journalism, 
when major flooding occurred. He 
grabbed a camera and started snap- 
ping. ^I shot amazing things," he says, 
^people being plucked off roofs by 
helicopters, rescues from rivers, build- 
ings collapsing." He sold his photos to 


‚ ерле lens 18 best t—bu 
the longer the lens the more critical the | 
steadiness of your setup. 
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remember that | 


O If lightning is popping ода you, of. 


fares switch to a normal lens, or in. rare { 
occasions, wide angle. A 200mm or - 
300mm lens is probably a good all-around - 
compromise. - 

$ O Try to eliminate power lines from. eun | 

E view, but passing cars апа other fore- 

8 ground objects (an old barn, windmill, or — 
tree) sometimes provide compositional in- 1 
terest that can improve the photo. E 


О Don't shoot with autofocus. Set the focus - t 


to manual and infinity. Otherwise you might 
be aiming at a branch hidden in the night. 


O Beware of dangling lens caps blowing in 
the wind. They can jar the camera. 


O Just after sunset you can use an aper- 


ture-preferred mode (if your camera has it) 


at 1/16. The camera's exposure system will 
determine the correct shutter speed. As 
night falls you can continue in this Way, but 
you'll probably have better luck guessing. - 
This takes practice. Try varying times be- 
tween, say, one and six minutes, or after 
two or three lightning strikes. 

O If clouds are lit several times by flashes 
outside the field or by sheet lightning (hid- 
den inside or behind a cloud), wind to an- 
other frame to guard against overexposure. 
Try to fill at least a third of the frame. 

O Be safe. Stay far away from the storm, in 
your car or at home shooting out your win- 
dow. If you must be outside, work with your 
car nearby, so if a storm moves in you have 
someplace for cover.—H. С. 


UPI and suddenly he was a professional. 
A newspaper stint honed his tech- 
nique, but soon he tired of typical as- 
signments. “In the meantime,” he says, 
"| was shooting weather in my off hours: 
storms, floods, dust storms, lightning." 
He began studying meteorology theory, 
gulping down one weather book after 
another. Soon he was selling photos to 

major newspapers and magazines. 
[Continued on page 96] 


Faidley's advice for photographing 
storms like this one: If yov're in 
the rain, you're too close. 
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Philips Presents 
The Imagination Machine. 


There are alot of CD players that deliver great sound. 
But only one that transforms your television from Æ 
sometning you look at and listen to into some- 
thing you actually experience. 


It's called the Imagination Machine.” 


It comes from Philips, the inventors of CD Р А 
technology. And it's the world's first CD-Interactive Player. 

Since the Imagination Machine is a superb CD audio player, 
you'll experience incredible sounds — in fact, you can use it to play all 
your favorite CDs. But when you sit down with the CD-Interactive 
discs, it'll be the incredible sights that'll blow you away. 

Take the "Palm Springs Open" CD-I disc, for example. 


©1992 Philips Consumer Electronics Company. A Division of North American Philips Corporation. 
KODALUX: TM licensed by Kodak. _ 
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Imagine being able to capture the expenence of the most challeng- 
ing golf courses in the couritry. From tee to green, it will take all your 


skill. And you can do it all without ever leaving home. 


All it takes to capture the experience is 
one simple connection to your TV. 


But this is only one of the many titles available. Major 
publishers already involved in the production of CD-I discs include 


Time-Life, The Smithsonian Institution, ABC Sports, and Children's 
Television Workshop. And with the new Photo CD technology 
available through selected retailers offering KODALUX Processing 
Services, you can create your own СО- family photo albums. 

To see and hear the Imagination Machine in action, just call 
1-800-532-6363 for a demonstration at the dealer nearest you, 


and capture the experience for yourself. 


nother First From Philips 


PHILIPS 


GARY НАШ САЕМ 


isten to home-automation enthusiasts 
and you might think you are missing a 
revolution. ^Smart House is going to be 
the greatest thing since sliced bread," 
bubbles Michael Rose, a builder in Lau- 
rel, Md. “A stampede for major markets 
is beginning," brags a consulting firm 
specializing in home automation. “Con- 
sumers are waiting to cash in on the benefits 
that [home automation] can bring." 

Not exactly. 

Home automation does promise many conve- 
nience improvements, such as remotely con- 
trolled lighting and heating; appliances that 
come on automatically when energy rates are 
lowest; even security systems that can be armed 
by phone. And the nascent industry has at- 
tracted major players such as the National Asso- 
ciation of Home Builders, the Electronic Indus- 
tries Association, and Honeywell. Their goal: 
selling programmable houses in which every- 
thing communicates with everything else via 
computer networks. 

But to date, the results have been under- 
whelming. Only several thousand fully automat- 
ed houses were sold last year, despite extensive 
public relations cam- 
paigns by several com- 
panies. The full-fea- 


tured, professionally 


installed products that 
do exist are expensive, 
averaging around 
$10,000 and ranging up to $140,000. 

Worse, the most comprehensive efforts still 
don’t have finished products. Smart House, Lim- 
ited Partnership—the most publicized compa- 
ny—has been promising for six years that a com- 
pletely programmable house is just around the 
corner. In December 1992, it was still promising: 
Only “Smart” wiring was available, but not the 
controller that will enable owners to use most of 
the Smart House functions. The Consumer Elec- 
tronics Bus (CEBus), a grand attempt by the 
Electronic Industries Association to develop a 
standard for home automation, has stacks of 
paper describing how home products can com- 


lon, another well-publicized company, is already 
selling computer chips that other manufacturers 
can use for automating vehicles and buildings. 
But most of its 300 customers are targeting in- 
dustrial applications, not the home. 

At a home-automation conference last Septem- 
ber in San Antonio, Texas, the uncertainty was 
evident. “My advice?” an electronic-equipment 
installer told home-automation executives: “Get 
real. [A revolution] hasn’t happened in eight 
years. It’s not going to happen tomorrow.” 

It certainly has been a bumpy road for Smart 
House. A 1984 offshoot of the National Associa- 
tion of Home Builders, Smart House originally 
planned to have 5,000 automated homes ready 
for sale by 1987. At first, the company wanted to 
wrap telephone, power, and TV and communica- 
tions wires all into one giant cable. But builders 
couldn't run such a thick wire between walls, so 
the idea was dropped. By 1987, no product had 
materialized from the Upper Marlboro, Md., con- 
sortium. Two years later, founder and chief exec- 
utive officer David MacFadyen left the company 
in a further dispute over wiring. 

Since then, Smart House has suffered more 
delays—and gone through two more presidents. 


After years of R&D, the home auto- 


mation revolution is nowhere in sight. 


One cause, says current president Gerald Engel: 
The company underestimated the difficulty of 
getting the group of disparate industries in- 
volved with Smart House to agree on anything. 
Also, say observers, engineers have been too in- 
tent on adding every new high-tech gizmo to the 
system, rather than simply getting some version 
of Smart House to market. 

Last year, Smart House started selling its 
first product—a wiring system called Smart- 
Redi. Unfortunately, it doesn't do much by it- 
self. “It’s like having a Nintendo board without 
any game cartridges to go with it," admits 
Michael Rose, who also heads a Maryland chap- 


municate with each other, but gm | ter of the National Association 
no products themselves. Eche- BY ROBERT LANGRETH of Home Builders. By early 
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1978. (CEBus and 
Echelon are not includ- 
ed because they do not 
yet have whole-house 
systems.) 


1993, the company insists, Full 
Smart—including the central con- 
troller and wall outlets allowing you 
to take advantage of this wiring—will be 
on sale. 

It may be too late, however. By re- 
peatedly broadcasting rosy predictions 
that it couldn't live up to, Smart House 
may have lost credibility. Through 
September 1992, builders had only sold 
“a couple hundred” Smart-Redi units, 
the company says. 

When complete, Smart House will 
cost a bundle. Just the wiring for a typ- 
ical-size home of 2,500 square feet costs 
the builder $10,000 to $15,000. Add to 
that builder markup, labor costs, and 
“convenience centers’—wall outlets 
where access to power, telephone, and 
audio-video lines will all be avail- 
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able—and the final price will rise to 
$26,000 to $27,400, estimates the Dal- 
las-based consulting firm Parks Associ- 
ates. This figure doesn't include the 
price of—when or if they become avail- 
able—appliances, consumer electron- 
ies, and other products that will take 
full advantage of Smart House. “It’s as- 
tronomical," says Peter Hampton, who 
follows home automation for the Yan- 
kee Group, a Boston computer consult- 
ing firm. Smart House's Engel notes 
that customers could reduce costs by 
adding Smart wiring only to the parts 
of their house that most need it. 
CEBus, probably the second most 
prominent home-automation effort, 
hasn't fared much better. A committee 
organized in 1984 by the Electronic In- 
dustries Association, CEBus's original 


TWO WAYS TO RUN A HOUSE 
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In m энг (right) used by Smart T dinis go through a centrol m in distributed аа. 
(left), used Бу CEBus and Echelon, the signals are processed by computer chips distributed among the appliances. 
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goal was to design a universal remote 
control for audio-video products. The 
scope was soon broadened to develop a 
blueprint describing how all home 
products could communicate with each 
other. These standards could eventual- 
ly be added to a chip that would be 
placed in products; unlike Smart 
House, these chips would communicate 
with each other, with no central con- 
troller (see Two Ways to Run a House). 
Nine years and more than a thousand 
pages later, the final document was ap- 
proved by the committee—though not 
published—in October 1992. 

The problem with CEBus is still not 
the length of the document, say ex- 
perts, but that it’s nothing but. "CEBus 
is just a stack of paper saying, ‘This is 
how it works," declares Bob Garry, a 
CEBus panel member. “It’s up 
to individual manufacturers to 
make [consumer products]." So 
far, no company has publicly 
committed itself to doing 
so—not even the manufactur- 
ers represented on the CEBus 
committee. Jud Hofmann, a 
Panasonic engineer who chairs 
the CEBus panel, remains op- 
timistic: “A wide assemblage of 
companies are interested in 
CEBus, [but] most are in R&D 
right now, like us. You never 
announce a new product until 
you are ready for market." He 
says this will start happening 
for home devices in one or two 
years; products are now avail- 
able for commercial buildings. 

Even if companies come out 
with products, there's no guar- 
antee that all of them will 
work together. That's because 


while the CEBus standard specifies in 
great detail how to make wiring and 
radio connections between products, it 
does not explain how signals should be 
interpreted once they are within an 
appliance. "If you are going to tell your 
VCR to do something, you really have 
to have a standard model of what the 
electronics inside [the VCR] looks 
like," explains Garry, who is also an 
engineering consultant at Diablo in 
Sunnyvale, Calif. In a recent position 
paper, CEBus recommended that 
groups of manufacturers get together 
to set standards for how VCRs, central 
air conditioners, and other home prod- 
ucts should be built. 

Some think this will happen slowly, if 
at all. "The only chance I see of CEBus 
succeeding is if a major energy compa- 
ny gets involved," says an industry con- 
sultant. With a monopoly on a necessi- 
ty like electricity, such a company could 
compel adoption of the technology. Oth- 
erwise, “I can't see manufacturers of 
competing products sitting around a 
table deciding how their systems are 
going to work together." 


any are betting instead on 
| Echelon, a relative newcomer 
from Palo Alto, Calif. “I think 


Echelon is going to succeed," says 
Hampton. "It's just a question of when." 
Echelon has the support of computer- 
chip giant Motorola and electronics be- 
hemoth Toshiba America, which make 
Echelon's chips. Unlike Smart House, 
which is only for new homes, Echelon 
can be retrofitted into existing homes. 
Unlike both CEBus and Smart House, 
Echelon is already selling chips for au- 
tomating factories and businesses. Fi- 
nally, like the CEBus plan, Echelon's 
strategy of adding chips onto individual 
products will allow people to buy smart 
appliances one at a time, rather than 
having to risk big bucks on an all-or- 
nothing system that they may dislike. 

Tricia Parks of Parks Associates, 
however, argues that Echelon still 
needs to cut the price of its chips, 
which cost about $9 wholesale. And 
products containing Echelon chips may 
also be subject to the same type of com- 
munication problems as those that 
have CEBus chips. 

The biggest hurdle of all for Smart 
House, CEBus, and Echelon may be 
convincing customers to buy their 
products. To a greater extent than oth- 
er high-tech products, home automa- 
tion will have to compete with relative- 
ly low-tech offerings like fancy kitchen 
cabinets. “If you have an extra $5,000 
to spend," notes a trade journalist who 
follows the industry, “are you going to 
spend it on a home-automation system 
that takes a salesman an hour to ex- 


plain, [or] a jacuzzi or another deck on 
the house?” In fact, a recent survey by 
the Yankee Group found that even the 
consumers most interested in home au- 
tomation didn’t want to pay more than 
$700 for it on average. 

Who wants to phone their Crock-Pot 
anyway? That’s the chief complaint of 
skeptics like Oliver Drerup, an Ottawa, 
Ont., builder who specializes in innova- 
tive upscale homes. He thinks Smart 
Houses and other high-tech homes are 
filled with too many futuristic gim- 


plains Drerup. “This is the real world. I 
just want my house to sit there.” 

Not that there isn't an interest in 
what Drerup would call fluff. Hank 
Levine's Custom Command sells extrav- 
agant, custom-designed automation sys- 
tems controlled by touch screens. For 
those who can afford the $40,000-plus 
price tag, the College Park, Md., com- 
pany's houses provide many of the fea- 
tures Smart House is promising—today. 

But even Levine agrees that "the ul- 
timate benefits of this technology aren't 


MAKING PROGRAMMING A NO-BRAINER 


"People don't want to think 
when they use high-tech prod- 
ucts," pronounces University of 
Maryland computer scientist 
Ben Schneiderman. “They 
want to act.” Schneiderman 
should know: He’s spent the 
better part of his career explor- 
ing how to make technology 
easier to use. The goal “is to 
make the technology vanish.” 
For home-automation com- 
panies, living up to this hasn't 
been easy. After all, people 
have trouble programming a 
VCR—let alone a whole 
house. Honeywell, for exam- 
ple, delayed introducing its 
home-automation system for 
several years because programming the 
prototypes was confusing. When the com- 
pany finally introduced TotalHome last 
year, it had service representatives do the 
programming for customers (it still does). 
Schneiderman’s answer to home au- 
tomation's dilemma is the computer touch 
screen. A touch screen's big advantage, 
he says, is that it can replace dozens of 
tiny buttons with pictures and icons. A 
touch screen Schneiderman designed for 
Custom Command—a home-automation 
company across the street from his Col- 
lege Park, Md., office—shows how this 
works (see photo at right). To record a TV 
program on the VCR, select a display 
containing a calendar and a 24-hour 
timeline. Touch the day(s) during which 
you want to record; then drag icons to the 
times you want the VCH to start and stop. 
Arming the security system is even easi- 


micks and don't have enough practical 
uses. Besides being able to turn on ap- 
pliances by phone, for example, many 
demonstration Smart Houses have cof- 
feepots connected to a central switch 
that turns on the coffeemaker and 
kitchen lights all at once. Unfortunate- 
ly, you still have to put the coffee and 
filler into the machine yourself. A 
CEBus pamphlet claims CEBus houses 
^will cook dinner for [families] when re- 
quested"—without explaining how. 
^What am I going to do—go out and 
drive around calling my home?" com- 


wafi has a liquid- 
crystal display. 


er: A floor plan is displayed on 
the screen, and you touch the 
rooms you want to arm. 

Another kind of home con- | 
troller that's touted as being us- 
er-friendly is the voice-activated _ 
control. But because there's a 
lot of background noise in most 
homes, Schneiderman thinks 
this is impractical: Do you really | 
want to tell dinner guests to 
shut up so you can turn the 
stereo on? 

Touch screens aren't perfect, 
however. For one, they can cost 
more than $1,000, and some- 
times they've been inaccurate. 
Most important, they're too big 
to fit on hand-held remote con- 
trols. Even Schneiderman hasn't found a 
way to make these simple to use.—H. L. 


Custom — s VCR programming screen 


lets ун i 


imb VCR by positioning 


understood." He compares the situa- 
tion with the personal-computer indus- 
try: "The early applications for home 
computers were things like balancing 
your finances and storing recipes"; no- 
body knew that the most popular uses 
would become "word processing, 

spreadsheets, and databases," he says. 
Until a better vision is found, many 
home-automation companies are em- 
phasizing one benefit that they know 
consumers will pay for: safety. Honey- 
well's TotalHome, for example, boasts a 
[Continued on page 90] 
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BATTERIES 


BY REINHARDT KRAUSE 


ngineer Mark Schimpf points to a 
prototype battery on a workbench 
at AER Energy Resources in 
Atlanta. Five zinc-air cells are 
packed into the battery's 1-by-8.5-by-11- 
inch plastic case. This slim profile slips 
unobtrusively beneath a notebook com- 
puter connected to the auxiliary power 
source. 
As Schimpf turns the notebook PC on, 
a tiny door in the 1.5-pound battery opens 
and a fan inside begins drawing air over 
the cells. AER's zinc-air battery can power a notebook com- 
puter for eight hours—four times longer than nickel-cadmi- 
um designs—before recharging is necessary. The startup 
company, which already sells a bulkier 20-hour zinc-air ver- 
sion, targets "field professionals," such as insurance agents, 
who need longer battery-operating times for their portable 
equipment. 
New air-breathing power sources for PCs are just one re- 
cent advance in battery technology for consumer products. 
The boom in take-along electronic gadgets—cellular 
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camcorders, and 


other gear. 


Í 


VICTORIA KANN 


phones, personal organizers, tape and CD 
machines, “smart” credit cards, and 
more—has been accelerating the demand 
for compact longer-life batteries. Battery 
technology, traditionally, has been notori- 
ously slow at yielding dramatic perfor- 
mance gains. Now, recent advances in 
metal alloys, carbon materials, and plas- 
ticlike polymers are finally moving high- 
er-energy batteries out of the labs and 
into products and stores. 

In addition to zinc-air designs, the lat- 
est developments include: 

*Nickel metal-hydride batteries. Already in electronic 
products, these rechargeables—despite some drawbacks— 
are challenging nickel-cadmiums. 

* Nickel-zinc batteries. Thanks to a national laboratory's 
breakthrough that will boost cell lifetimes, these recharge- 
ables could challenge older technologies and new nickel 
metal-hydride designs. 

eLithium batteries. Rechargeable lithium-ion designs, 
safer than earlier systems, power a new camcorder. And 


flexible solid-state lithium-polymer batteries are just emerg- 
ing from laboratories. 

These high-energy batteries, like their weaker cousins, 
consist of two or more cells linked together to supply electric 
current through chemical reactions. Other basics of battery 
operation also apply: A cell's negative electrode (anode) re- 
leases electrons to produce the current. The cell's positive 
electrode (cathode) attracts electrons after they first pass 
through a circuit—say, a flashlight bulb—then through a 
nonmetallic conductor, called an electrolyte, that separates 
the two electrodes. Rechargeable batteries are sometimes 
referred to as secondaries, while disposable designs—used 
just once—are called primaries. 

Better packaging aids energy output. This includes the 
precise blend of powders, pastes, liquids, plus the positive 
and negative electrode design. Lithium 1s the focus of much 
electrode research. This lightest of metals gives up electrons 
more readily than most elements, making it an attractive 
choice for battery anodes. Pairing a lithium anode with the 
proper cathode material yields higher cell voltages—the 
force that moves electrons in a current. That means higher 
energy density with the need for fewer cells. 


But batteries with high-energy features still must be 
tailored to specific tasks. Some designs, for example, won't 
perform well in low temperatures; others lose energy rapidly 
while not in use. And jobs demanding sudden high-current 
drain separate many battery systems. A high-energy nickel 
metal-hydride battery might run a camcorder twice as long 
as a nickel-cadmium battery, but that advantage is reduced 
on high-current-drain tasks such as power tools. 

Rechargeable batteries often have higher discharge rates 
than disposables. The one-way chemical reaction of throw- 
away alkaline batteries, however, provides about twice the 
operating time of a rechargeable nickel-cadmium for low- to 
medium-drain jobs. Materials in rechargeable batteries are 
regenerated when electricity passes through them in the op- 
posite direction of normal current flow. These batteries are 
more costly, but offer longer operating life. In recent years, 
concern about the environment, which is degraded from the 
toxic materials in batteries, is helping to drive the search for 
better rechargeable systems. 

Engineering a rechargeable system is complex; the incu- 
bation period is often decades, not years. The key problem in 
making a battery rechargeable lies in the repeatability and 
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efficiency. "With an automobile, if 
you lost one drop of oil for ev- 
ery stroke of the piston 
you'd only go a few miles," 
analogizes James Mc- 
Breen, a scientist at Brook- 
' haven National Laboratory 
on Long Island, N.Y. Mc- 
Breen is studying new battery 
materials by bombarding them 
with X-rays from a synchrotron. 

In battery terms, though, nick- 
el metal-hydride batteries have 
been commercialized rather quick- 
ly since the early 1980s. Touted by many as the heir-appar- 
ent to nickel-cadmium rechargeables, nickel metal-hydride 
batteries began appearing in some consumer products about 
three years ago. Besides eliminating the toxic cadmium elec- 
trode of nickel-cadmium, nickel metal-hydride batteries 
charge faster, offer twice the operating time, and do not have 
the *memory effect" of nickel-cadmiums. The memory effect 
occurs when a user recharges a nickel-cadmium before it is 
completely exhausted; instead of fully recharging, it loses 
power from that partial-discharge point. 

Despite their momentum, though, nickel metal-hydride 
batteries must overcome two bad raps: poor high-power 
performance and rapid energy loss while not in use. More- 
over, there's a battle brewing between competing nickel met- 
al-hydride technologies. | 

Ovonic Battery Co. of Troy, Mich., a spin-off subsidiary of 
Energy Conversion Devices, developed an early nickel met- 
al-hydride technology based on metal alloys of titanium, zir- 
conium, vanadium, nickel, and chromium. Ovonic has li- 
censed its technology to various companies. Early last year, 
Ovonic conceded that its first-generation nickel metal- 
hydride batteries self-discharged about 50 percent within 30 


| Eveready’s lithium AAs offer 
high energy density. 
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Electrodes and separators are wound jellyroll-fash- 
ion to boost the surface area in Gates ce 
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days. Current batteries show up to 80 percent retention, de- 
pending on cell design, the company says. 

Several Japanese battery companies, by contrast, are 
touting the slower discharge advantage of alloy substitutes | 
derived from rare-earth metals such as lanthanum. In the 
United States, Duracell has teamed with Japan's Toshiba 
and Varta AG of Germany to produce nickel metal-hydride 
batteries. 

Nickel metal-hydride technology illustrates the trade-offs 
often involved in battery design. In a nickel metal-hydride 
battery, the positive electrode is made of nickel while the | 
negative electrode is made of hydrogen-storing metal alloys. 
When the battery is charged, the current breaks apart water 
molecules; smaller hydrogen atoms that are produced then 
diffuse into voids within the metal alloys and are retained 
there until discharge. When the battery is used, atoms and 
ions re-form into water. 

Charge retention is 
poor within nickel met- 
al-hydride batteries be- 
cause hydrogen atoms 
want to escape. But se- 
lecting materials that 
bond the hydrogen 
more tightly to the al- 
loys risks reducing the 
voltage and power. So 
researchers must bal- 
ance energy retention 
and power output. 

Gates Energy Prod- 
ucts, an Ovonic licensee in Gainesville, Fla., has compro- 
mised between the different nickel metal-hydride technolo- 
gies. When equipment manufacturers need high-energy 
retention, Gates employs lanthanum-based alloys developed 
by Dutch electronics giant Philips. At Ovonic, problems in 

nickel metal-hydride energy retention are also being 
overcome by changes in alloy composi- 
tion, says Dennis Corrigan, director of = 
advanced battery development. 


An auxiliary zinc-air battery from AER can 
power portable computers up to 20 hours. 


ILLUSTRATIONS BY STEVE STANKIEWICZ 
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Similarly, Ovonic claims its second-generation nickel 

metal-hydride batteries can be doctored to perform in high- 
drain applications. 

Nickel metal-hydride batteries are still a few years from 
overtaking nickel-cadmium—if they ever do. Gates, 
which makes both types, estimates between 
30 million and 50 million nickel metal- 
hydrides were produced worldwide 
last year compared with more 
than 1.5 billion nickel- cadmiums. 

Another contender in the 
portable power battle: nickel- 
zinc batteries. After several 
decades of research, these 

are suddenly more viable. Prob- 
lems with the zinc electrode 
shortens lifetime to less than 200 recharge 
cycles and has hindered commercialization. 
Nickel-zinc systems are attractive, 
though, because of their high peak 
power and the availability of ma- 
terials. In Japan, both cylindrical 
and flat cells have been test-mar- 
keted by Toshiba. 

Researchers at Lawrence Berkeley Laboratory in 
California claim a breakthrough in the electrolyte used in 
nickel-zinc systems. (Electrolytes are acids, salts, or alkalis 
added to water or other solvents to give them ionic conduc- 
tivity; they usually do not contribute to energy density.) With 
Lawrence Berkeley's new alkaline-fluoride-carbonate elec- 
trolyte, unveiled last September, the lifetime of nickel-zinc 
systems can reach 500 cycles. 

"That makes it commercially viable," says Elton Cairns, a 
senior researcher at Lawrence Berkeley. Researchers there 
believe nickel-zinc systems can compete in a wide range of 
portable applications, such as computers and phones, as well 
as applications where larger batteries are required. 

The new-generation lithium-based battery systems 
promise the best performance. Changes are coming in both 
primary and secondary batteries. Consumers are famil- 
iar with button-size lithium-manganese-dioxide cells in 
cameras and other products. Because lithium is volatile 
in the presence of moisture, federal regulations have 
limited the amount of metallic lithium in a cell to "a 
gram—about AA-size lithium capacity. 

Lithium cells often operate at about three volts, 
sometimes making them incompatible with equipment 
designed around 1.5-voltage throwaway alkaline sys- 
tems. One new high-energy system, however, is aiming 
to change that. Eveready uses a low-voltage iron-sulfide 
(fool’s-gold) cathode in its new AA-size lithium dispos- 
able batteries. 

Like alkaline batteries, the new Eveready cells oper- 
ate at about 1.5 volts. Yet while alkaline batteries are aimed 
at low-to-medium-drain jobs, these new lithium primary 
cells deliver high peak power. The 1.5-volt lithium cells, now 
available in Japan and Europe, are being test-marketed in 
some parts of the United States. They cost about 2.5 times as 
much as alkalines. 

Big changes in lithium rechargeables are here as well, 
thanks to progress in overcoming safety problems. As Moli 
Energy Ltd. in Vancouver, Canada, discovered, making safe 
rechargeable lithium batteries is a vexing problem. In 1989, 
the company’s Molicell lithium rechargeable was one of the 
first commercialized. For customer NTT in Japan, Moli pack- 
aged ten AA-size batteries together to power cellular phones. 

“We began experiencing some problems with the battery 
pack,” recalls Robert Lea, the controller of Moli Energy 1990 
Ltd., a successor company formed by Japanese investors. 


Sony’s lithium-ion battery is 
small and durable. 


Very thin lead-acid cells aid Portable Energy 
Products” design. 


“The industry calls it 
‘venting, but the aver- 
age Joe calls it ‘explod- 
ing.' It caused problems 
to the point where NTT 
recalled all the cellular 
phones." | 

The first six venting Wee 7 2 

incidents occurred dur- An тула wn E, battery. 
ing Molicell recharging. 
No one was hurt. Then a cell pack exploded while someone 
was using a cellular phone; the victim suffered minor hand 
and face burns. Heat from a short in one cell set another one 
off, Lea explains. “The volatility would pop open a hard plas- 
tic case or burn through,” he says. 

The problem is that lithium cells recharge differently. As 
other types of cells recharge, deposits form evenly on elec- 
trodes—a shiny film of deposited metal is created, like the 
chrome-plated steel on cars. But lithium creates a mossy, 
granular surface that ultimately causes dendrites. Under a 
microscope, these dendrites appear long and thin, like the 
stalactites that grow from the roofs of limestone caves. They 
cause a cell to short or fail suddenly. 

One way around this problem: alloys, such as lithium- 
aluminum compounds, that reduce dendrite growth. 
Japanese companies are also experimenting with lithium- 
aluminum alloys using gallium, indium, magnesium, and 
other metals. Another strategy is improving upon a proven 
chemistry in lithium disposables, such as a solid lithium an- 
ode with a manganese-dioxide cathode. 


lithium-ion systems, is necessary to make these 

rechargeables safe for widespread use. Lithium-ion cells 
avoid the use of metallic lithium as an anode. Instead, the 
cell reaction is derived from the electrolyte and cathode ma- 
terial. The cells use special forms of carbon and metal oxides 
for the chemical reaction. Lithium atoms fit in between the 
carbon within its molecular structure. Germany's Varta calls 
its lithium-ion system a 
“swing concept," while oth- 
ers use the term "rocking 
chair." 

Crities of lithium-ion 
batteries say the strategy 
carries a penalty. *The car- 
bon is just going along for 
the ride; it isnt contribut- 
ing to the electrochemical 
reaction," says Cairns at 
Lawrence Berkeley. “The 
price is reduced cell voltage 
and more cell weight. 
There's no way you're going to make a lithium-ion cell with 
the same specific energy as a lithium metal." 

At Sandia National Laboratories in Albuquerque, N.M., 
researchers are working on a solution. ^Our work is based on 
new types of carbon," says Samuel Levy, a senior scientist. 
According to Levy, Sandia's carbon is better at accepting 
lithium between its layers “than anything else that has been 
talked about." 

Levy hopes that Sandia’s cooperation with several U.S. 
companies will challenge a Japanese head start in lithium- 
ion technology. Another way to overcome the penalty of lithi- 
um-ion systems, he adds, is with a high-voltage cathode. 
Sony did just that with a cobalt-oxide positive electrode in its 
new lithium-ion battery, used in the company's high-end 
TR200 8mm camcorder. 

Another promising lithium rechargeable technology—us- 


$: many researchers believe a different technology, 
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COMPARING POWER PACKAGES 


One way to compare older battery technologies with newer systems is by s$ 
energy density: by weight as watt-hours/kilogram (wh/kg), and by volume as — . 
watt-hours/liter (wh/l). Where AA sizes are available, the chart also compares — 
energy capacity—how long a given current can be drawn before a cellis — 
dead—in milliamperes per hour (mAh). Voltage and other attributes are 

included for eight secondary (rechargeable) and two primary ds "E =! 


batteries (the last two listed on the chart), mostly newer types. 
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ing polymer electrolytes in a solid-state cell—could make 
dramatic changes in battery applications. Several U.S. gov- 
ernment labs, including Sandia and Brookhaven, are study- 
ing these polymers. The challenge has been making these 
cells work at room temperature—a feat some claim has fi- 
nally been achieved. Valence Technology in San Jose, Саі; 
Harwell Ltd. and Dowty Battery Co. in the United Kingdom; 
and a Canadian-Japanese venture between Hydro-Quebec 
and Yuasa Battery Co. plan to commercialize the technology. 

For some, lithium-polymer batteries come close to being 
the Holy Grail of the battery world; others think their poten- 
tial is overblown. Valence Technology, formerly Ultracell, al- 
ready claims its prototype operates four times as long as nick- 
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el-cadmium batteries. The lithium-polymer cells eliminate 
liquid electrolytes that can leak or cause other prob- 
lems, and they are considered safer. What's 
more, thin, flexible lithium-polymer batteries 
in a wide array of shapes and sizes would of- 
fer significant weight and volume gains. 

Valence Technology's laboratory produc- 
tion line uses a mix of thin-film and coating 
technologies. The company's cathode and 
electrolyte are first coated onto a metal-foil 
current collector to form a multilayered 
sheet. Next the lithium-foil anode is applied 
to form a battery cell. Because the battery is 
produced as a thin laminate, about 0.09 
inches thick, it can be folded, rolled, or 
stacked depending on the application. 

Such cookie-cutter batteries are appeal- 
ing, but the thin-film nature of the polymer 
electrolyte is actually necessary. The poly- 
mers—large molecules made by bonding to- 
gether many smaller identical molecules— 
have high internal resistance. Using thin 
sheets makes it easier for ions to move across 
the polymer—usually polyethylene oxide. 

The large surface area inherent in the 
thin-film design accounts for much of the 
energy density of a lithium-polymer system. 
Both Valence Technology and Dowty 
Batteries in England are working with 
vanadium-oxide composite cathodes patent- 
ed by AT&T. 


olm W^» will flexible lithium-polymer 
ЕШ batteries power products? “Lithium 
== polymer technology for applications 
` | such as mobile phones is about two years 
* E away, claims Colin Newnham, projects 
— manager at Dowty Batteries. Dowty has de- 
signed and built a coating facility capable of 
producing the batteries, he adds. 

Valence Technology is targeting a wide 
range of portable consumer electronics appli- 
cations, and has also entered into an alliance 
with General Motors Delco Remy Division 
to pursue the technology for electric vehicles. 
Delco has committed $20 million to the pro- 
ject in three phases, Valence says. The com- 
pany is building a pilot-scale laminate pro- 
duction facility in San Jose and expects to 
complete a high-capacity plant next year. 

A stumbling block in commercializing 

lithium-polymer cells, Dowty’s Newnham 

concedes, is overcoming interconnection prob- 

lems when multicell batteries are fabricated. 

Ways need to be found to compensate for overcharge 

and imbalance between cells, he says. Some consumer ap- 

plications may also require improved performance in low 

temperatures, suggests Sandia’s Levy. “If you’re going to use 

a cellular phone in Canada or Montana you might have to go 

to -20°C,” he says. “We still need to look at new materials for 
better conductivity.” 

In fact, the search to improve even older battery technolo- 
gy is almost never over. Better nickel-cadmium batteries 
have emerged in the past five years. In addition, companies 
like Portable Energy Products in Scotts Valley, Calif., are im- 
proving the energy density of sealed lead-acid batteries for 
portable computers and telephones. Using a new plate struc- 
ture to improve volumetric energy density by 40 percent, 
Portable Energy created flat cells "s inch thick. 

[Continued on page 92] 
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ow do you snare a grain of cosmic dust, 
whizzing through space at nine miles a sec- 
ond, without destroying it? When scientists 
wanted to do just that on the August 1992 
flight of the space shuttle Atlantis, they 
turned to a substance even more exotic 
than cosmic dust itself. It's called an aero- 
gel, and while scientists are hopeful it can 
catch micrometeoroids, it may also revolutionize a host of 
more earthly devices, from thermal windows to electric 
cars. Once merely laboratory curiosities, aerogels are now 
emerging as a marvelous and versatile nêw technology. 

To look at a piece of aerogel, and to hold it in your hand, 
is to understand how extraordinary it is. Sitting on a table, 
it resembles a piece of glass, but pick it up and the illusion 
vanishes. Even the heaviest aerogels are far lighter than 
glass; the lightest ones are so airy you can barely tell you 
have them in your hand. Yet an aerogel that is 96 percent 
air may be as strong as balsa wood. “I can't think of any- 
thing else like it," says Don Brownlee, a planetary scientist 
at the University of Washington who hopes to catch cosmic 
dust samples with aerogels. “It’s amazing stuff." 

Amazing, but not new. Aerogels were invented in the 
1930s at the College of the Pacific in California by a re- 
searcher named Steven Kistler, who experimented with gels 
made out of an amorphous form of silica. Ordinary gels con- 
sist of a network of solid particles suspended in a liquid. 
Theyre part of everyday life; Jell-O gelatin is the best- 
known example. What Kistler did, essentially, was to make 
silica gelatin but with one important difference: He removed 
the water and left the solid structure intact. The result is an 
airy solid whose individual particles and pores are less than 
a few hundred angstroms across, far smaller than the short- 
est wavelength of visible light. (An angstrom is ten bil- 
lionths of a meter.) Under certain lighting conditions, aero- 
gels give off a ghostly bluish glow. That’s due to Rayleigh 
scattering—the same effect that makes the sky blue—and is 
a direct result of the aerogel's incredibly tiny structures. 

For decades, Kistler’s creations remained merely curiosi- 
ties. Then, in the mid 1960s, French researcher S. J. Teich- 
ner experimented with aerogels as a means of keeping 
rocket fuel from sloshing about inside its tanks. The main 
benefit of that research wasn’t better rockets, but easier-to- 
create aerogels: The scientist developed a much faster 
method of making the silica gels that are the raw materials 
for aerogels. In the late 1970s, particle physicists discov- 
ered that silica aerogels could be used to detect Cerenkov 
radiation given off by subatomic particles and cosmic rays. 
Still hidden in an esoteric corner of science, aerogels didn’t 
emerge into the mainstream until the early 1980s. It was 
in 1980 that Arlon Hunt, a solid-state physicist at Califor- 
nia's Lawrence Berkeley Laboratory, saw a presentation on 
aerogels by a Swedish nuclear researcher. Hunt, who has a 
strong interest in the ways in which materials scatter light, 
was entranced when he learned that not only were aerogels 
transparent, they were extremely uniform. 

“All the bells and whistles went off when I saw that,” 
Hunt says. Within a year, Hunt and several colleagues 
were making their own aerogels at Lawrence Berkeley 
[^The Best of What's New,” Dec. '90]. As he learned more 
about the strange solids, Hunt's interest expanded from the 
scientific to the practical. Just as Kistler had described, 
Hunt found aerogels to be extraordinarily poor conductors 
of heat. The reason is simple: Any gas that would permeate 
an aerogel must first negotiate a torturous path through its 
tiny, irregular pores. In fact, aerogels are the best solid in- 
sulators in existence. An inch-thick piece is enough to pro- 
tect your hand from the heat of a propane torch. 

Then there was the extreme clarity of the material. Silica 
aerogels are so transparent that scientists who work with 


72 © POPULAR SCIENCE FEBRUARY 1993 


them commonly lose pieces on their desks. Brownlee ad- 
mits, “You find it when you set something down and you 
hear this crunch, and you go, “Well, that's it. " To Hunt, the 
natural application of such a substance was in thermal win- 
dows and skylights. If aerogels could be mass produced, he 
thought, they could far outperform all conventional models. 
But Hunt realized that aerogels would never be commer- 
cially viable unless he found a way to alter the process 
Kistler had developed, called supercritical extraction. 

In this method, the water in the gel is replaced with al- 
cohol that is then heated far above its boiling point under 
great pressure; at this point, the alcohol is termed super- 
critical. Normally, removing a fluid from a gel's tiny pores 


A new class of materials that are 
the lightest solids known could 
be used for everything from 
silencing submarines to 
insulating refrigerators. Some 

of them are even 90 percent 


effective against cockroaches. 


BY ANDREW CHAIKIN 


ph 
(above), which shows the perforated, 
airy microstructure of the material. Tin 
clumps of the material string together like 
strands of pearls. 

In the silica aerogel diagrammed at right, the 
clumps and pores average about 140 angstroms in 
diameter; each clump is composed of molecules of silica (a compound of sili- 
con and oxygen) with a diameter of about ten angstroms. An angstrom 
equals one ten-billionth of a meter, or about four billionths of an inch. Typi- 
cal atomic diameters range from one to three angstroms. 


would cause the solid structure to collapse under the force 
of surface tension. Because supercritical alcohol lacks sur- 
face tension, it can be extracted from the gel without de- 
stroying it. 

There are two problems with this approach for mass-pro- 
duction, says Hunt. For one thing, it required too much en- 
ergy to produce the required conditions of more than 500°F 
and 1,800 pounds per square inch. It could also be extreme- 
ly dangerous. As Hunt explains, “Alcohol is comparable in 
chemical energy to dynamite or gasoline.” In 1984, an auto- 
clave inside the Airglass AB factory in Sweden, which was 
already making aerogels for scientific purposes and was ex- 
ploring their potential for windows, exploded. “It blew the 
factory to smithereens,” Hunt says. Miraculously, no one 
was killed. 

By the time of the Swedish accident, Hunt and his col- 
leagues had already developed a safe alternative, using car- 
bon dioxide at temperatures and pressures far lower than 
those needed for alcohol. And by 1985, Hunt and two friends 
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had created the first American company for commercially 
marketing aerogels. Today, after putting his own money into 
the venture and struggling to attract investors, Hunt is still 
waiting for Thermalux Ltd. to get its big break, but he is not 
discouraged. “One thing I’m sure of: Aerogel is definitely go- 
ing to go somewhere," he says. "The question is, when." 

Hunt' confidence is backed up by some remarkable fig- 
ures. He says that a one-inch-thick slab of aerogel sand- 
wiched between two panes of glass, with the air evacuated, 
matches the insulation of as many as 30 layers of glass. An 
aerogel as good as 40 panes is in the works. Conceivably, 
Hunt says, aerogel windows could be better insulators 
than the walls around them. Conventional skylights are 
limited in size partly because of the heat loss they allow; 
aerogel skylights could be made as big as desired. 

You would expect manufacturers to jump at those kinds 
of improvements, but Hunt has met resistance. He con- 
cedes that one issue is aerogel’s high cost. At present, a 
slab the size of a cinder block costs about a hundred dollars 
to make, putting it out of reach for most commercial appli- 
cations. But Hunt believes that by streamlining manufac- 
turing techniques, aerogels could be made economical; he 
says "a couple of dollars per square foot" is realistic for 
some aerogels. 

Another drawback is their color: Because they scatter 
blue light, aerogels held up to the eye have a slightly gold- 
en hue. Hunt has been working hard to eliminate the tint 
and says, “In the best aerogels we've made, you can see no 
coloration at all looking through it. If you hold it against a 
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Samples of silica aerogels are so insubstantial that they are virtually transparent. Yet aerogels can be 
as strong as balsa wood. The blue cast arises when the aerogel’s tiny structures scatter light. 


dark background in strong sunlight, you can still see a 
slight bluish haze. But it’s almost completely clear. . . . It 
certainly would be adequate for all sorts of commercial ap- 
plications. Whether it’s clear enough for a bay window, I 
don’t know. It’s right on the ragged edge.” 


| eanwhile, the San Francisco Bay area has become 
M the aerogel capital of America. At nearby Lawrence 
Livermore National Laboratory, physical chemist 
Lawrence Hrubesh made news in 1990 by creating silica 
aerogels lighter than any made before. A cubic centimeter 
of Hrubesh’s lightest aerogel weighs only two ten-thou- 
sandths of a gram, giving it a density only twice that of air. 
The publicity over Hrubesh's work generated a flood of in- 
quiries from all kinds of people. Artists wanted samples to 
make into jewelry. Vitamin companies envisioned display- 
ing their products on pedestals made from the exotic sub- 
stance. A biologist who studies a variety of burrowing bees 
wanted to make a beehive out of the stuff, then videotape 
the insects through the clear walls. To be sure, many of 
these schemes didn't pan out (the bees, for example, ruin 
the idea by secreting an opaque film as they burrow). But 
other ideas show great potential. 

A company in India wants to make an aerogel-insulated 
thermos. Hrubesh says aerogels could be used to make 
shelters in the Antarctic that would require only the body 
heat of the occupants to stay warm. Because some aerogels 
are unparalleled at blocking sound, the Navy envisions us- 
ing them to manufacture quieter submarines. Aerogels' 
acoustic properties may also make them ideal for autofocus 
cameras that use sound waves. They ve been touted as pos- 
sible carriers for a variety of substances, including herbi- 
cides and, once again, rocket fuel. 

One of the most outlandish ideas, as described by Hunt, 
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was investigated by Leawood, Kan., 
high school student Samir K. Gupta 
for a science project. He tested a 
ground-up aerogel as an insecticide 
and found it at least 90 percent effec- 
tive against cockroaches. There is 
nothing poisonous about the aerogel 
itself, but the material sticks to the in- 
sect and draws the moisture out of its 
body, probably by means of capillary 
action. Meanwhile, scientists at Liver- 
more have received so much interest 
in aerogels that they are seeking an 
industrial partner to handle mass- 
production and marketing. 

As if silica aerogels weren't versa- 
tile enough, Hrubesh's colleague, 
Richard Pekala, has created aerogels 
out of organic compounds, which he 
says are even better insulators than 
the silica variety And while some or- 
ganic aerogels aren't transparent (one 
type is dark red), and thus not suit- 
able for windows and skylights, they 
would still be excellent insulators in 
situations where transparency is not 
required. One example is in refrigera- 
tors, whose plastic foams will be 
banned by the year 2000 because of 
the CFCs released during their pro- 
duction. Refrigerators lined with an 
aerogel would not only be far more ef- 
ficient, but would pose no risk to the 
environment. Exposed to moisture, 
however, most aerogels would col- 
lapse; silica aerogels would eventually 
turn into sand, making them biodegradable. So for many of 
its uses, aerogels would have to be sealed with a waterproof 
coating. Encasing them in vacuum-sealed plastic is another 
option, which would also increase their strength. 

Pekala has produced an aerogel made out of pure carbon 
too. It's black, and, according to Pekala, it's an excellent 
conductor of electricity. Like all aerogels, it also possesses 
incredibly high surface area: A piece the size of a sugar 
cube may contain as much surface area as four or five bas- 
ketball courts. Layers of carbon aerogel filled with elec- 
trolyte could carry an enormous electrical charge, far more 
than the carbon films used in conventional capacitors. Us- 
ing carbon aerogels, says Pekala, it would be possible to 
make "super-capacitors" that could solve one of the tough- 
est development problems in electric cars—namely, how to 
accelerate the vehicle from a standstill without draining 
the battery. 

“Youd use the super-capacitor to accelerate up to the 
cruising speed," Pekala says. “Then the batteries take 
over" Unlike the battery, the super-capacitor could be 
recharged many times while the vehicle is in use, perhaps 
by converting mechanical energy from the vehicle—during 
braking, for example—into electrical energy. Pekala is al- 
ready working with an electrochemical engineer to produce 
an aerogel super-capacitor. 

Arlon Hunt points out that the recipe for an aerogel can 
be augmented with any number of chemical substances, 
spawning a whole new family of microporous solids he 
calls nanocomposites. Some varieties might be used as cat- 
alysts for chemical reactions. Hunt has tried salting silica 
aerogels with silicon atoms; these aerogels glow when ex- 
posed to ultraviolet light and may replace more expensive 
light-emitting diodes. Some researchers have even talked 
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insightful reporting put you at the 
scene of every major advance in 1 
flight, from Kitty Hawk to the Space 
Shuttle and beyond! 
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Atmosphere for Just $4.95! 
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tion for the future exploration of space. 
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. Smithsonian Institution's National 

į Air and Space Museum. 


Each videocassette comes with 
the same risk-free 10 day pre- 
view. Keep only the ones you 

want for the low price of 


Preview your first volume of FRONTIERS 
OF FLIGHT on videocassette at home 


risk-free for 10 full days. Keep it and pay $19.95 each 
just $4.95 plus shipping and handling. м plus shipping 
If you're not absolutely delighted, US AF and handling. 


simply return it within 10 days 
for a full refund or credit to 

your charge account. Either way, 
the free book is yours to keep. 
And remember, this series is not 
available in any store! 


More Excitement is in the Wings! 


As a subscriber, you can look forward to 
future one-hour videocassettes in the 
series. In Golden Age Frontiers, you'll meet 
1930's daredevils like Jimmy Doolittle, 
Roscoe Turner and Amelia Earhart. 

In The Sound Barrier, you'll join test pilot 


There's no min- 
imum to buy and you 
may cancel at 
any time. 


So act now! This 
is one flight you don't 
want to miss! To order, 
simply clip this coupon or, 


for faster service, use your credit 
card and call toll-free 


1-800-538-7766 oep ron 
0» 


An original production of Discovery Productions ond Network Projects, PTY. Lid., Austrolio. 
Produced in association with Smithsonian Institution's National Air ond Space Museum. 
Program Copyright ©1992, Discovery Communications, Inc. 
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Design ©1992, The Columbia House Company. 


ج س س س س س س س === 


Mail to: Columbia House Video Library, Dept. PGH, P.O. Box 1112, Terre Haute, IN 47811 


| YES | Rush my introductory videocassette, The Threshold of Space, for only $4.95 plus $2.45 shipping and 
| m handling (and applicable sales tax) and enter my subscription to FRONTIERS OF FLIGHT under the terms 
described in this ad, Also send my free copy of "Frontiers of Flight," the companion book to the series, which is mine to 
keep even if | return my first videocassette. Available in VHS only. 
Check method of payment: | 
Г1 My check is enclosed for $4.95 plus $2.45 shipping and handling (total is $7.40) 
made payable to Columbia House Video Library. QQP 
Û Charge my purchases beginning with my first videocassette to: 
C American Express [ ]VISA C MasterCard [Diners Club C Discover Card QQQ 
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omeone once described the state of contemporary technology as the ability 
- to produce a car that falls apart in ten years, while making a beer can that 
lasts forever. As if taking that view to heart, a growing number of 
engineers are beginning to see the future of the automobile in a recycling 
bin full of aluminum cans. 
Ford's Synthesis 2010 concept car is an all-aluminum version of the 1993 
Taurus-Sable that is one-third lighter than today's 3,000-pound model. Powered 
by an aluminum-block two-stroke engine, the 2,000-pound five-passenger 
concept car gets 50 mpg on the highway, while sac- 
rificing little in acceleration. Remarkable as 
that is, similar performance has been 
demonstrated in other ultralight- 
weight concept cars made from exot- 
ic materials such as carbon fiber. 
But the cost of exotics has been 
prohibitive: The materials 
alone can add as much as 
$24,000 to the price of a 
midsize sedan. 
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The aim of the Synthesis 2010 pro- 
ject was to develop a lightweight, effi- 
cient chassis and power train that's 
still affordable. More than a typical 
“concept” car that will never see reali- 
ty on the streets, Ford's program is a 
comprehensive feasibility study of the 
effect of taking one-third of the weight 
out of today's midsize sedans. The car 
itself is a shimmering metallic enve- 
lope covering a more-or-less conven- 
tional Taurus/Sable platform. The nose 
is shortened, and the shape is more 
contoured than today's production car, 
but the side door openings are identi- 
cal. According to project manager 


Bill Stuef, the similarity is deliberate. 
One goal of the exercise in alu- 
minum is to provide comparable data 
on structural strength, cost, and ease 
of forming the steel parts of the base- 
line Taurus, and for this reason the 
principal dimensions are identical. But 
the car also is a statement of what the 
Taurus/Sable could be, probably in the 
next generation, regardless of materi- 
al. The concept car makes no deliber- 
ate claim to the currently popular 
“cab-forward” theme; instead, the 
shortened overhangs and aggressive 
rake of the body lines evoke a sports 
sedan with a strong Italian influence. 


AUDI'S ALUMINUM SPACE FRAME 


This fall, Audi will introduce a next-genera- 
tion Quattro built from an aluminum space 
frame that takes maximum advantage of 
the unique properties of the lightweight met- 
al. Audi's technique of forming and assem- 
bling is a radical departure from the current 
practice of spot-welding a body together 
from hundreds of steel stampings—the ba- 
sic technique that was introduced in the 
1950s and accounts for most of the volume 
production in the car business today. 

The new Audi body will be built in a plant 
now under construction in Soest, Germany, 
by Alcoa Automotive Structures and Tech- 
nology, a subsidiary of Alcoa. The plant will 
have an eventual capacity of 100,000 
space frames annually. Aluminum is more 
difficult to weld, stamp, and bend than steel, 
but it is easy to extrude—a process where it 
is pushed through a forming die like tooth- 
paste from a tube. That makes it relatively 
easy to make shapes with a complex cross- 
section. Extrusion dies are also less expen- 
sive than the hundreds of stamping dies 
necessary to manufacture the upward of 
300 separate pieces that compose a con- 
ventional steel body. The Soest plant will 
assemble aluminum space frames from 
about 100 aluminum extrusions, fastened 
together with adhesively bonded aluminum 
die castings. 
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The plug-in assembly technique virtually 
eliminates welding, which tends to weaken 
aluminum box sections. The aluminum 
space frame weighs about 35 percent less 
than the traditional steel sheet unit body, 
according to Alcoa. For a midsize car, this 
eliminates about 200 pounds. 

The extrusions are designed to not only 
provide stiffness but also to act as moldings 
with edges that hold snap-in panels for both 
interior and exterior skins. The result has the 
potential of easy assembly and repair as 
well as reducing weight. Development engi- 
neers are concentrating on new techniques 
to join extrusions because conventional 
welding of heat-sensitive aluminum alloys 
can be tricky as well as energy intensive. | 

Automakers worldwide are watching 
Alcoa's experiment with Tinkertoy assembly 
closely. But other new manufacturing tech- 
niques are also promising. Ford's advanced 
engineering group also builds an aluminum 
space frame from extrusions, but connects 
the pieces with overlapping, interlocking 
sections designed to act as structural joints. 
The technique was demonstrated two years 
ago іп an advanced concept car.—D. M. 


The Audi space frame is formed from. 
extruded aluminum sections joined by 
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The aluminum body is polished at 
the extremities, the bare metal shad- 
ing into fully painted surfaces at the 
belt line. Adding to the metallic effect 
are huge, metal-plated carbon-fiber 
moldings in the front and rear—the 
costly carbon fiber sections diverging 
from the low-cost theme. Even the 
headlamps, rear marker lights, and 
the outboard turn signals—incorporat- 
ed in the outside mirror pods—project 
through a mirrored surface that melds 
with the aluminum skin when the 
lamps are off. The weird Ray-Ban 
effect stems from light covers made 
from a polymeric reflective material 
that acts like a one-way mirror, allow- 
ing light to pass through from behind, 
while reflecting it on the surface. 

The lights themselves are fascinat- 
ing. The headlights are elliptical-pro- 
jection, high-intensity arc lamps that 
make certain paints and clothing fluo- 
resce in the dark. The rear backup 
lamps are surface-mounted fiber-optic 
bundles operating from a single light 
source. The rear lights otherwise are 
neon, generating intense colors and ig- 
niting instantaneously. 

Other features represent an odd mix 
of technology from the present and the 
future. The voice-activated cellular 
phone already is in production. The 
polymeric instrument cover isn't too 
successful—it reflects so much in day- 
light that the instruments are illegible. 
The one-piece foam seats are good- 
looking and functional, but mounted in 
such a way as to reduce rear legroom 
substantially. 


magnitude of the Synthesis pro- 

ject becomes apparent. The car's 
floor pan is aluminum, as are dozens of 
stamped support brackets. The sus- 
pension pieces, brake calipers, and 
brake discs are cast aluminum. There 
are other lightweight exercises as 
well—front lower control arms are vac- 
uum-cast steel, while the rear lower 
control arms are magnesium, a metal 
that makes aluminum seem heavy. 
The latter are formed from standard 
extrusions, a promising low-cost meth- 
od of fabrication. 

All of this is impressive, but then 
project manager Stuef mentions that 
each component was made from 

prototype production tooling, 
rather than being made 

piece by custom-made 
piece. That under- 
scores the nature of 
this project. Making 
the dies and molds 
that are used for 
Р high-volume production 
in the auto industry is expen- 
sive; even prototype tooling made 
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INSIDE SYNTHESIS 2010 


Package efficiency is enhanced by the 
two-stroke e 


under the hood for a standard V6. 


with soft, easily ma- 
chined metal is nor- 
mally only done for a - 
production car. The — 
production-tooling - 
effort is intended to re- — . 
veal just what problems - 
might be encountered if an. _ Ммм 
aluminum car were to go int jor 
full production. 86 
The Synthesis represents “the: н 
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that will concentrate on cutting weight 
by whatever means necessary—not in 
bits and pieces, but in hundreds of 
pounds, whether by using aluminum or 
other new weight-saving materials. 
Indeed, Ford is not the only automaker 
interested in lightweight materials. 
One recent example is GM's Ultralite 
concept car [Best of What's New,” Dec. 
'02; "Concept USA," May '92], which 
used a high-tech, high-cost approach to 
produce a carbon-fiber-reinforced body 
with a curb weight of 1,400 pounds. 
Another is the Acura NSX—a two-pas- 
senger all-aluminum sports car intro- 
duced in 1990 that weighs 3,020 
pounds. With a $65,000 sticker price, 
however, the NSX is only slightly more 
down-to-earth. The German answer to 
the NSX is the next-generation Audi 
Quattro sedan. Built with an extruded 
aluminum space frame and aluminum 
body, this flagship sedan is due out in 
the 1994 model year (see Audi's 
Aluminum Space Frame). Chrysler is 
scheduled to unveil its own all-alu- 
minum project, with an innovative 
tubular frame and aluminum body, at 
the North American International 
Auto Show in Detroit. The continuing 
interest in these projects is an ac- 
knowledgement that the fuel economy 
of contemporary cars has, at best, stag- 
nated in an era of cheap gas in the 
United States. 

Regardless, there is still substantial 
pressure to increase energy efficiency. 
One is the continuing debate over 
whether to raise federal corporate av- 
erage fuel economy (CAFE) standards 
above the current 27.5 mpg for passen- 


ine, but there is still room 
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standards argue that they are even 
more necessary to conserve energy 
while energy costs are low, simply to 
preserve fuel for future generations. 
Also, total fuel consumption of motor 
vehicles is a primary source of carbon 
dioxide, the major factor in global 
warming. The question is: Just how 
much can fuel economy actually be im- 
proved from today's standards? 

One answer comes in a recent report 
from the National Academy of Sciences 
that assesses current and future auto 
апо ов If cost and/or inconvenience 

s disregarded, the NAS report con- 
clades that mileage between 32 and 35 
mpg for intermediate cars is technically 
feasible by 2006. CAFE standards often 
are credited with forcing improvements 
in fuel efficiency, but a closer look at the 
results reveals that their impact may be 
less than it seems. CAFE is an average 
for all of the cars produced by a single 
manufacturer. This means that an au- 
tomaker concentrating on small cars 
—like most importers—can produce rel- 
atively inefficient cars (measured on a 
basis of fuel consumed per passenger 
mile) or even reduce fuel economy with- 
out penalty. 

When the CAFE standards were 
first introduced during the mid-1970s 
energy crisis, the first reaction of do- 
mestic manufacturers was to shorten 
their largest cars substantially and 
thereby cut weight, while maintaining 
interior volume with the introduction 
of front-wheel drive. Engine technolo- 
gy has been improved in two stages— 
first with the introduction of catalytic 
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converters, and then through electron- 
ic engine controls and fuel injection 
that improved low-speed efficiency. 

Eventually, however, all manufac- 
turers ran into an immutable law of 
physies: Force, hence fuel consump- 
tion, equals mass times acceleration, 
or alternately, mass equals force 
divided by acceleration. Future fuel 
economy gains for a given car line will 
have to come either by lowering perfor- 
mance expectations or by dramatically 
cutting weight. 


nfortunately, there isn't much fat 
left to trim on today's typical chas- 
sis. Steel structures are carefully 
analyzed to the smallest dimensions, 
and the demands on the structure are 
far higher than in the recent past. The 
crush space and structure necessary to 
withstand front and rear impact is sub- 
stantial, and higher standards for side 
impact are now in effect. Even air bags 
add significant weight. Today’s com- 
monly accepted standards for torsional 
and bending stiffness—key elements of 
a quiet car with good handling—are 
vastly improved, and few engineers 
want to go backward. 

Aluminum is about half the weight 
of steel by volume, and about two- 
thirds the weight for equivalent 
strength. Aluminum's specific charac- 
teristics do not allow a direct substitu- 
tion for steel—it’s not as stiff, for ex- 
ample, which means that thicker 
sections must be designed in. But the 
appeal of building the entire car struc- 
ture out of the lighter metal is enor- 
mous. Aluminum is light, strong, and 
virtually corrosion-free. It can also be 
welded, stamped, and used in most of 
the mechanical processes to manufac- 
ture steel car bodies in contemporary 
auto plants; Ford already makes about 
300,000 aluminum hoods and body 
parts annually. Aluminum also recy- 
cles relatively easily, both by re- 
covering scrap from the manu- 
facturing process and 
remelting alloys recov- 
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ered from scrapped cars. Steel likewise 
can be easily recycled, but one advan- 
tage of aluminum is its relatively low 
melting point, requiring less energy 
than steel when it is reprocessed. 
Aluminum is more energy-intensive to 
manufacture than steel, although 
when life-cycle energy is taken into 
consideration, aluminum comes out 
ahead on the balance sheet (see The 
Energy Equation). The main drawback 
of aluminum is its cost. At about a dol- 
lar a pound, aluminum is roughly 
three times the cost of steel by weight, 
which translates into about double the 
cost of steel in a given structure with 
equivalent strength. 

Taken by itself, this high cost would 
reserve aluminum solely for the most 
exotic luxury cars, but other factors in- 
tervene. One is that weight savings be- 
comes cumulative in a car. A hundred 
pounds saved in an engine means 
lighter suspension pieces, lighter 
wheels, and so on. Each lightweight 
component adds to a snowball effect: A 
comprehensive change in all the pieces 
of a car nets far more weight savings 
than is accounted for by the aluminum 
alone. And as total weight comes 
down, total cost does as well. Likewise, 
certain elements of the manufacturing 
process are less expensive for alu- 
minum than steel (others are higher), 
and savings are possible here as well. 

The Synthesis does not actually take 
full advantage of this weight-saving 
process, however, because each compo- 
nent was designed as an equivalent of 
the baseline steel Taurus platform. 
That means much of the car is over-de- 
signed, and it ends up sub- 
stantially stiffer than a=. 
the current platform. gs 
It does allow the indi- 
vidual components 
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to be integrated into the current car, 
though—suspension pieces, for exam- 
ple, could be installed and tested inde- 
pendently. The bottom line is that as 
light as it is, the Synthesis could be 
made even lighter. 

Exactly how light depends partly on 
the power plant selected. I drove one 
version of the Synthesis powered by an 
innovative two-stroke engine devel- 
oped by Orbital Engine Co. of Austra- 
lia. This is an 80-horsepower, three- 
cylinder, direct-injection engine that 
fires once for each revolution of the 
crankshaft. 

Ford recently announced that it is 
launching a test fleet in Europe of 
about 50 Orbital-powered minicars, an 
act of faith that puts Ford on the lead- 
ing edge of two-stroke development. 
Chinu Bhavsar, engineer in charge of 
Ford's two-stroke development pro- 
gram in the United States, notes that 
the intense interest in two-strokes 
comes from their high power output for 
a given weight, a feature that makes 
the Orbital the logical power plant for 
this weight-watcher's exercise. He also 
acknowledges that the two stroke's 
power output per liter of displacement 
still lags behind many of today's four- 
stroke engines. 

The aluminum-block version of the 
Orbital two-stroke in the Synthesis 
project seems small under the hood 
—or at least quite low due to the lack 
of a conventional valve train in the 
cylinder head. In the Synthesis, the 
engine is equipped for the first time 
with an air-conditioning compressor 
and alternator; excess engine compart- 
ment space is beginning to disappear 

as a result. Mark Conforzi, 
chief designer on 
the project, 
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This front-engine, rear-transaxle concept car is based 
on components from Chrysler's LH platform. The struc- 
ture depends on a deep frame formed of aluminum ex- 
trusions fabricated by hydro-forming, a process that 
uses hydraulic pressure to shape the extrusions—a 
new manufacturing method that also works with steel. 
The body is also formed of sheet aluminum. 
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notes that most of that space is needed 
for a crush zone anyway. 

Early Orbital prototypes have had 
severe shake problems, stemming from 
the three-cylinder design and 120-de- 
gree angle between crankshaft throws. 
The Synthesis 2010 has special hy- 
draulic engine mounts angled in an X- 
pattern that proved to be extremely ef- 
fective in my test drive of the 
prototype. Firing up the two-stroke 
was uneventful, with a subdued clatter 
perceptible from the outside of the car, 
but effectively silenced inside. 

Light weight has a profound and 
sometimes unexpected impact on han- 
dling, and the Synthesis proved this to 


On the face of it, the issue seems simple: 
Aluminum auto components reduce 
weight and thereby lower fuel consump- 
tion. So with all this energy efficiency to 
be gained, why not change over immedi- 
ately to using this highly attractive, corro- 
sion-resistant alloy? 

The full answer, of course, is not so sim- 
ple. In the process of producing metal 
from ore, aluminum consumes a great 
deal more energy—4.5 times as much for 
an equal mass of steel, to be precise. 
This can be partly offset by using re- 
claimed aluminum in the casting mix to 
take advantage of aluminum's lower melt- 
ing point. 

But when the total lifetime energy cycle 
is considered, the picture brightens (see 
graph). First, there are the energy sav- 
ings possible because of the reduced 
fuel consumption in lightweight cars. 
According to estimates by the Wash- 
ington, D.C.-based Aluminum As- 
sociation, each pound of weight reduc- 
tion in a car works out to a gallon of 
gasoline saved over the typical 100,000- 
mile life span of a car. The energy usage 
break-even point for aluminum compo- 
nents (including manufacturing) can 
come in as little as 20,000 miles. 

And there are weight savings available 
beyond the obvious benefit of cutting 
poundage by the straightforward replace- 
ment of steel with aluminum: secondary 
weight savings, a sort of mechanical rip- 
ple effect, which result from lower require- 
ments in the size of brakes, tires, and 
suspension components. 

Aluminum, of course, is not the only 
lightweight, high-strength alternative to 
current materials. Advanced casting tech- 
niques, including a new compacted 
graphite iron process by the Swedish 
company Sintercast AB, can cut engine- 
block weight by as much as one-third 
while retaining iron's good sound-damp- 
ing characteristics, favorable heat con- 

ductivity, and low initial energy invest- 
2 ment. A number of automakers also favor 
5 cast iron, particularly in a light weight 
Е form, for engine blocks because it elimi- 
2 nates the need for a separate cylinder 
E bore sleeve.—Norman S. Mayersohn 


a fault. The aluminum suspension and 
brakes dramatically cut unsprung 
weight—the mass of the wheels and 
other components that move up and 
down when the car encounters a bump 
or pothole. That means less energy for 
the springs and shock absorbers to 


control, making for loads of grip and . 


compliance in hard cornering. Cutting 
overall weight also has some of the ef- 
fect of installing wider tires, and steer- 
ing was crisp and precise. 

Stripped to 2,060 pounds (from to- 
day's 3,084 pounds), the Synthesis 2010 
moves the mundane Taurus/ Sable plat- 
form into the realm of a flat-out sports 
coupe. Acceleration with the tiny two- 


stroke is not as dramatic as the han- 
dling gains; according to Ford, 0 to 60 
mph takes slightly less than 13 seconds. 
The Orbital engine does manage to pull 
strongly at mid-range rpm and ticks 
over without stalling long after decreas- 
ing speed calls for an upshift. 

The quirky two-stroke takes some 
getting used to. Launch from a stand- 
ing start tends to be anticlimactic, but 
once the revs build, it pulls strongly. 
The distinctive sound takes some get- 
ting used to, but isn't unpleasant. 
Having already yielded some critical 
judgment on the grounds that the 
Synthesis was, after all, a concept car 
intended to demonstrate new ideas 
and technology, not a fully developed 
driving machine, I was particularly im- 
pressed by the lack of cabin noise from 
any quarter—engine, wind, or tires. 

The overall impression was some- 
thing more than a concept car—the 
Synthesis is just plain enjoyable to 
drive, moving the basic Taurus/Sable 
platform, already one of the better-de- 
fined dynamic packages available, 
solidly into a new era. It underscored 
the main point, which was consider- 
ably more than a feasibility study done 
in aluminum. Lopping a thousand 
pounds off a car chassis does extraordi- 
nary things to handling, finesse, accel- 
eration, and economy, regardless of 
how it is accomplished. 

A second Synthesis, this one with 
the potent SHO Taurus 220-hp V6 un- 
der the hood, is already under develop- 
ment. The SHO engine puts the light 
chassis to a flat-out performance test, 
with 0-to-60-mph times reported in the 
four-second range, Ford ultimately 
plans to make about a dozen versions 
of the Synthesis 2010 with a variety of 
engines. 

Aluminum may not be the answer 
for every vehicle on the road, but it will 
become a commonplace method of con- 
struction in the future. Solving the 
problems of aluminum structures and 
devising new techniques to make alu- 
minum cars is only the beginning. 85 
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E 55 6€ My electrical system 
Ү 7 hada short that would drain 
_# an ordinary battery. But my 
= Champion Switch gave me a 
Г backup start three times a day, 
| three months running! Finally 
$ got the car fixed but ГЇЇ never 
| switch my battery brand.99 


Lyle Smialek, Laramie, WY 
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66 My job puts me on 24-hour 
call. Even if it's 3:00am and 30 
below, I gotta go. Champion's 
SubZero comes through where 
other batteries failed. Now, any- 
time my phone rings, you can - 
count on me to come running.99 


Gary Kaldun, Inver Grove 
Heights, MN 
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66 Out here, when it's 118 in 
the shade, it might be 220 under 
the hood. I was burning up ordinary 
batteries in a year or less. Changing 
to Champion's Scorcher solved my 
problem. Who says you can't do 


66 Way offroad, my Champion 700 

broke loose all the way through 

the wheel well. Found it later that 
' night, smashed up in a mudhole. 


| thing about the weather? 9 Put it back in and started right up. 
pide ана Pater Champion gets you out of the 
| Bob Holt, Phoenix, AZ | woods.99 


. Michael Thode, Escanaba, MI 


All across America, people start with Champion? back you up with a reserve start at the flip of a switch. 


batteries. Pick a Champion, Americas starting line-up. No matter 
Because we start with the idea that different where you live. 

conditions demand different solutions. If you have a Champion performance story or need 
We make batteries to stand up to the cold, more information, call 1-800-289-4627. 


batteries that beat the heat and batteries that even 


em 


GNB Incorporated 
375 Northridge Road 
Suite 300 
| Atlanta, СА 30350 
America’s Starting Line-Up™ A Pacific Dunlop Company 


Champion® is a registered trademark of the Champion Spark Plug Company. ©1993 GNB Incorporated. Ѕсогсћег М SubZero™ and Switch™ are trademarks of GNB Incorporated. 
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The American love affair with the 
pickup truck has spawned a host 
of variations—including a new 
competitor from Japan. 


BY DON SHERMAN 


fier years of faithful service, the full-size Toyota's new-for- 
pickup truck has earned the status ofa sa- 1993 T100 pickup 
@red American icon. For a multitude of finds trailer tow- 
Bound reasons, millions of farmhands, ing heavy going. 
family managers, and bond traders across 
the land have selected this conveyance as 
them vehicle of choice. While some of them 
haul hay bales for a living, most do not. 
The te that binds this diverse throng together is a hearty 
enthusiasm for their trucks, a trait that's all too rare in the 
rest of the automotive universe. 

Imports are noticeably absent from the full-size pickup 
truck market. The Japanese have been slow mustering the 
courage to tap into this lucrative American business—cur- 
tently running at more than one million units per year—re- 
cession or not. When Toyota finally did throw its formidable 
hat m the ring recently, the gnashing of teeth could be 
heard from Detroit to Tokyo. Chevy, Dodge, GMC, and 
Ford realized that life in this class would never be © 
the same. At PoPULAR SCIENCE, we realized it „, 
was time to test some pickup trucks. J 

Toyota is hedging its bet with the 1993 / 
T100 pickup truck by aiming for two /~ 
types of buyers: compact-truck owners // 
on the way up and full-size pickup 7, 
owners who are tempted to down-  // 
size. The concept behind this ار‎ 
machine is combining the — 
economy and the styling of „©7 
a small truck with the 
carrying capability of a 
big pickup. To see if this 
approach is viable, we 
selected a broad 
spectrum of com- 
petitive machinery 
to face off against 
the T100 SR5: a : 
compact Ford т ONAN NST SR А SERE Tom. N o 
Ranger STX, а. AP. "A «uo LAN Ce P SCA GON Gee TRE 
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be towed—a 2,400- Silverado. 


Above: The object to midsize Dodge Dakota LE, and a full-size Chevrolet C1500 
pound boat trailer— While such a mix sounds like apples and turnips, that's 
is flanked by the test not exactly the case. There's a surprising degree of overlap in 
quartet (from left): pickup truck specifications in terms of bed lengths, payloads, 
Dodge Dakota LE, powertrains, and other features. To pare down the variables, 
Chevrolet C1500 we settled on a common power train for this test: aV6 engine, 
Silverado, Toyota an automatic transmission, and two-wheel drive. 
T100 SR5, and Ford The Toyota T100 is currently available only with a stan- 
Ranger STX. dard-length cab so that automatically became one more req- · 
The interiors of uisite. Narrowing the differences in bed lengths and cargo | 
the pickups are capacities wasn't difficult either, at least on paper. The | 
| replete with carlike Chevrolet C1500, Ford Ranger, and the Dodge Dakota all of- | 
features, controls, fer long beds and payload capacities that bring them into | 
sound systems, even close contention with the standard bed length (97.8 inches) 
cup holders (left, and payload rating (1,550 pounds) of Toyota's T100. 
from top to As a result, our test group consists of four seemingly differ- 
bottom: Dakota, ent trucks with several key traits in common: power train, 
Chevy, Toyota, passenger cab, and a (nominal) *4-ton payload rating. Bed 
and Ranger). lengths were all close to eight feet except for the Ford, which 


is offered with a choice of six- or seven-foot boxes. Unfortun- 
ately, we were unable to obtain a Ranger with the longer bed 
for this test and had to settle for the six-foot bed. 


s testing commenced, it was clear that we had two dis- 
tinct classes of machinery on our hands, but not what 
you would think: What we had were wide pickup 
trucks and narrow pickup trucks. The Chevy and Toyota 
each comfortably seat three passengers in their cabs and car- 
ry four-by-eight sheets lying flat between the wheel houses of 
their cargo beds. The Ford Ranger, a compact pickup by de- 
sign and intent, will do neither. The Dodge Dakota is the 
fence straddler: Marketed as a midsize pickup, its cabin is 
configured for three-across seating, but four-by-eight-foot 
sheets must be carried lopsided in its bed because the span 
between the Dakota's rear wheel houses is but 45 inches. 
Dimensionally they may differ, but philosophically these 
pickups have much in common. They all embrace the mod- 
ern design idiom with well-rounded corners, flush surface 
detailing, and side-window frames that wrap well into the 
roof. All except for the new-for-1993 Ranger blend a bold, 
chrome-laden face with more discrete flat-black side trim. 
The interiors are, for trucks, comfortable and well appoint- 
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ed—as luxurious in every case as a medium-priced sedan. 
Handy features, such as cup holders and storage armrests, 
abound. The Ford Ranger and the Toyota T100 travel the 
furthest in the direction of hedonism: Both are equipped 
with compact-disc sound systems. The Toyota broadcasts its 
music through a 160-watt amplifier and an impressive array 
of six side-mounted speakers and a huge woofer. 

A look beneath the pickups reveals that all four follow the 
same basic blueprint. In every case, there's a sturdy full- 
length ladder frame supporting an independent front sus- 
pension and a rigid rear axle. There are also distinguishing 
details. The Toyota uses torsion bars in front while the other 
brands rely on coil springs. The Ford Ranger has two swing 
axles (what Ford calls a twin I-beam front suspension) 
where every other truck has unequal-length control arms. 
Dodge and Toyota feature rack-and-pinion steering, while 
Chevy and Ford rely on recirculating-ball steering gears. 
Every maker provides antilock brakes on the rear axle as 
standard equipment. 

Toyota is alone in this group in its use of main frame rails 
with a box section running full length from the front bumper 
to the aft end of the rear springs. The frames used in the 
three domestic trucks are boxed only halfway back, to the 
transmission-support cross-member. 

While crawling underneath this covey of trucks we discov- 
ered two examples of weight-saving technology: a molded- 
plastic fuel tank in the Dodge Dakota and an aluminum 
driveshaft wrapped with graphite filament in the Chevy 
C1500. 

Under the hood, there is stark contrast. It's traditional for 
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FORD RANGER STX 


DODGE DAKOTA LE 


0-60 MPH IN SECONDS 60-0 MPH IN FEET 
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import models to use small, high-technology engines while 


domestic makers generally rely on larger displacement and 
less expensive hardware to do the job. That's exactly the 
case here. Toyota's T100 is powered by a three-liter 60-de- 
gree V6—the same basic engine that has powered smaller 
Toyota pickups and the 4Runner sport utility since 1988. Its 
advanced features are a single-overhead-camshaft valve 
train (with two valves per cylinder), aluminum cylinder 
heads, and port-type electronic fuel injection. The Ford 
Ranger' s engine is similar: It too uses the 60-degree layout 
and port injection. But in place of the overhead-cam valve 
train and aluminum heads, the Ranger's power plant has 
one full liter more piston displacement. 

The V6s that power the Dodge and Chevy trucks are 
spinoffs from V8 designs, which means a 90-degree V-angle 
and a push-rod valve train. The Dakota's engine is port-in- 
jected, while the Chevy engine meters fuel with simpler, but 
somewhat less efficient, throttle-body fuel injection. At 4.3 
liters, the Chevrolet V6 packs the largest displacement, 
while the Dodge engine is a new-in-1992 3.9-liter design. 
Chevy and Toyota have both stepped ahead with electroni- 
cally controlled automatic transmissions, something that 
the Ranger and Dakota lack. 

In terms of what comes out the driveshaft, the Toyota is 
significantly in arrears with the lowest torque (180 pound- 
feet) and horsepower (150 hp) ratings. The Dodge V6 is the 
overachiever in terms of horsepower—180 at 4,800 rpm— 
while the big Chevy V6 is the torque king—with 285 lb.-ft. 
at 2,000 rpm. Both the Chevy and Ford engines deliver their 
peak power at relatively low rpm, while the Dodge and 


FORD RANGER STX 


DODGE DAKOTA LE | 


TOYOTA 1100 SRS 


CHEVROLET C1500 


MPH 
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Carrying four-by-eight-foot sheets (left to right): Chevy and Toyota load them flat, Dakota’s wheel wells interfere, and Rangers bed length isn't adequate. 


Toyota power plants have to be revved up to deliver their all. 

One of the first discoveries at the test track was that the 
Toyota is exceptionally lightweight for its size: The T100's 
curb weight is only 218 pounds more than the diminutive 
Ranger and a whopping 611 pounds less than the Chevy 
C1500. That was not, however, enough of an advantage to 
make up for the Toyota’s self-inflicted power, torque, and pis- 
ton-displacement handicaps. 

Given the load-toting nature of trucks, we supplemented 
our usual standing-start unladen acceleration tests with a 
special event. To shed some light on each truck’s appetite for 
hard work, we conducted 0-to-60-mph acceleration measure- 
ments with a 2,400-pound boat trailer in tow. 

What we found is that the 150-hp Toyota is, relatively 
speaking, a slouch. Unloaded, it was the slowest truck to 60 
mph by only a few tenths of a second, but the gap widened 
appreciably with the trailer attached. When the Toyota’s 


| COULDA naD A V8! 


Like the classic pickup itself, the 
V8 engine enjoys a special place | 
in the hearts and minds of truck | 
buyers. As demonstrated by our f 
test results, a modern V6 cer- | 
tainly does an excellent job in 
pickup applications, but that 
doesn't stop buyers from select- | 
ing a V8 alternative. For example, | 
more than half of all Chevrolet | 
and GMC full-size pickups sold 
are powered by a 5.7-liter V8. | 
When Dodge began offering a 3 " | | 
V8 for 1991, Dakota customers also responded enthusiastically. 

To quantify the performance gains with a V8 engine, we or- 
dered two extra trucks for this test: a Dodge Dakota powered by 
a 5.2-liter engine and a GMC Sierra with five liters of V8 under its 
hood. So equipped, the Dodge rocketed into first place in accel- 
eration trials with a 0-to-60-mph clocking of 7.9 seconds. That's 
quicker than most cars we've tested. The V8 in the GMC Sierra 
shaved 1.9 seconds from the Chevy C1500's 0-to-60-mph time. 

And when we hooked the boat trailer to the V8 pickups, they 
proved to be the most effective tow horses of the test. The Dodge 
Dakota hustled its load to 60 mph in only 14 seconds flat, while the 
GMC Sierra was not far behind with a clocking of 14.8 seconds. 

The downside of selecting a larger engine can be seen in both 
initial and operating costs. Dodge charges $587 for two more 
cylinders, and the extra cost in a Chevy or GMC is $575, some of 
which would be recovered at trade-in time. According to EPA re- 
sults, the V8's gas mileage penalty ranges from one to three 
mpg. Still, the bottom line for pickup truck buyers is this: If you've 
got heavy towing in mind, take the V8.—D. S. 
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throttle was floored, its engine revved quickly to shoulder 
the load (thanks to a loose torque converter), but the acceler- 
ation that followed is best described as "glacial." The tow 
from rest to 60 mph took 21.9 seconds. At the opposite end of 
the spectrum, the light and powerful Ranger scooted to 60 
mph in a quick 8.5 seconds and hustled the boat trailer up to 
cruising velocity in only 15.8 seconds. 

Riding on the fattest tires in the test, the Toyota regained 
some ground in the braking and handling contests. Its stop- 
ping ability was best by a significant margin. The T100 also 
set the curve on the skid pad with 0.75 g of cornering adhe- 
sion versus from 0.71 to 0.74g's for the other trucks, and 
scored second only to the light and lively Ford Ranger in the 
double-lane-change event. 

The new Toyota pickup did reveal one glaring shortcom- 
ing—a tendency for its power steering system to run short 
of boost just when the driver needs the most assistance. 
This was a particularly severe handicap in the slalom event 
of our test procedure where the Toyota had to wiggle 
through the cones at a much slower pace than its suspen- 
sion's capability simply because the power steering couldn't 
keep up with the driver's inputs. Cranking the 
T100's wheel felt like isometric exercise. 

The Toyota T100 has a quality sound and feel 
that's endearing, but our sound meter noted that 
| it was no quieter inside than the Chevy C1500. 
This test also revealed that Dodge has some catch- 
ing up to do in terms of modulating the wind and 
engine noise that penetrates its cab. 

Living with these pickups for a few weeks gave 
us ample opportunity to drive them off the test 
| track where we were frankly surprised at the lev- 
els of handling poise and ride comfort that all four 
of the truck manufacturers have achieved. On and off the 
track, the Ford Ranger is the closest thing here to a sports 
car: agile, quick on its feet, and highly maneuverable. The 
Ranger's chassis and body feel like one substantial unit, but 
the short wheelbase and firm suspension damping produce 
ride motions that are occasionally skittish. The Ranger 
showed the most propensity for spinning an inside rear tire 
during mixed cornering and acceleration, particularly on 
wet pavement. 

The Dodge Dakota also has a high fun-to-drive quotient 
that is due in no small part to its handy size. In fact, cer- 
tain Dakota steering and front suspension components are 
actually shared with the Dodge Viper. Dakota's potent 
Magnum V6 could benefit from the addition of a balance 
shaft to cancel some of the commotion that spews out at the 
high rpm this otherwise impressive engine is readily capa- 
ble of turning. Two minor interior annoyances are an un- 
necessarily raucous key buzzer and a dashboard-mounted 


FRUIT SALAD 


Chevrolet C1500 Silverado 


The four trucks in this V6 pickup test are so different that at times 

it felt as if we were trying to compare an apple, a banana, a Dode 3 Dakota LE 
pomegranate, and a mango. While the full-size Chevrolet C1500 
had the biggest cab interior, its power-to-weight ratio at 4,046 
pounds was not particularly good, even with the updated V6 en- 
gine, and its handling and roadholding were mediocre. The first 
true between-sizes truck, the Dodge Dakota V6 was similar in 


Toyota T100 SRS 


ACCELERATION 
and HANDLING 


0-30 mph (êa) 32/50 3.6/5.6 4/5.6 
most performance aspects to the larger Chevrolet, but its exterior i эт ener ea me wit | MASA 
design and roomy interior already look bland and dated. The V8 30-50 mph (sec.)................ 42 | 53 
version was terrific fun to drive (see | Coulda had a V8!). Ford's 50-70 mph {ес.)................... 6.5 8.1 
restyled Ranger STX compact pickup, with its four-liter V6 en- mita qua dcin : 


gine, light weight, and short wheelbase, won the most perfor- 
mance tests, but was cramped and uncomfortable inside for av- 
erage-to-tall drivers. The best overall design and cab 
ergonomics were displayed by the newest entry, the Toyota T100 
truck, which was also best in braking by as much as 30 feet from 
60 mph. In power, the unladen Toyota was competitive with the 
other three, but when the 2,400-pound boat-trailer load was at- 
tached, it fell on its pretty face. If you want the latest thing, it's the 
Toyota, but if you want to haul heavy stuff in the real world, the 
overall winner is the Dodge Dakota.—Jim McCraw 
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Engine 3.01 V6 | 40L V6 3L Vb 43LV6 


overdrive switch with the tactile feel of a child's clicker toy. M ыт сг, e | irum Davee rie 
The Chevrolet C1500 feels a bit ponderous when it races Power (һр©грт).......... 15084800 | 16024 200 18024 800  165@4,000 

smaller pickups through test track traffic cones, but on pub- | uelit at ew M TN СА 

lic roads it is a very together piece of machinery. Its torquey E га A 75 ы 

V6 and electronic automatic transmission collaborate better нуны - | speed automatic | 4-speed automatic | 4-speed automatic | 4-speed automatic 

than Regis and Kathie Lee. With the most interior room in | 2 s ed HP ЧОК | 

this group, the best ride, and a tantalizing base price, it's CHASSIS | 

easy to understand why more than 400,000 customers Front suspension... | Ynequallengih | Swing axles, coil — |Unequoengh ^ | Unequallength 

bought Ch a) eee lasi-vanr control arms, torsion} springs, anti-roll bor control arms, coil control arms, toil 

ug evy rui-size PICKUPS last year | bars, anti-roll bar springs, anti-roll — | springs, anti-roll bar | 
bor 

FAON it should be clear that Toy ota will most definitely | Rear suspension... | Rigid axle, semi- | Rigid axle, semi- | Rigid axle, semi- | Rigid axle, semi- — | 
not enjoy easy pickings in the big truck market. Even if eliptic leaf springs | elliptic leaf springs | elliptic leaf springs | elliptic leaf springs 
the T100 were the perfect pickup, it faces serious do- | | 

mestic competitors who know exactly how to keep their cus- Steering део...  Rack-ond-pinion | Recirculating ball | Rock-ond:pinion ^ | Recirculating boll 

tomers satisfied. What's more, the new Toyota is flawedina | „m irde (ft) | wilh power assist | with power assist f with power assist | with power assist 

few i жа Mirat ed ist Jacks ў ate ccc 13 36.5 В Мв 

ew important respects. First and foremost, it lacks an en Brakes (front, rear) .......... | Disc, drum; rear ABS | Disc, drum; reor ABS | Disc, drum; rear ABS | Disc, drum; reor ABS 

gine with enough torque to carry out the down and dirty | gp, MILEAGE with power assist | wilh power assist | with power ossist | with power csi 

jobs that are the routine assignments of pickup trucks. With | ew 20000 re i 2 ү; 

only one cab and one bed configuration, the T100 lacks the Highway sas | Ж 21 20 21 

depth to cover many of the bases in this class. Because it’s | DIMENSIONS | | | 

assembled in Japan, it has a 25-percent import duty tacked | уі)... | 1218 1140 1240 ДЕ 

onto its price. And this is the first Toyota test vehicle in ages | Length (it) enn | 2091 | 193.0 207.5 1124 

we've encountered with glaring quality deficiencies: a large | назар | 4j ив " T 

area of the hood that fluttered in the breeze, an ill-fitting | Curb weight lbs.) | 3435 | 3217 3,567 4,046 

glove compartment door, and a rough-edged pad atop the | ару liao етир РЕЧ Bi 

dashboard. Nevertheless, for satisfied Toyota truck owners | interior volume (cu.ft)... | 60.6 | 524 56.9 35 

who need a bit more elbowroom and cargo space, the T100 | Payload rating (1s) ........ | 1,550 | 1250 1,800 | 1619 


will seem like manna from heaven. 
The other contenders in this quartet are, to a truck, fit ex- 
amples of their respective classes. The Ford Ranger is cur- 


rently the best-selling compact truck; the Ranger's design буй... Stace: | ae | 613,885 

4 TUR rite os бей... | 
and functional improvements for 1993 will only enhance its Major options (over S100)... | Air-conditioning | Аист: Bon | o maf i 
popularity. The inside of the Dodge Dakota is about four x power assist [transmission $990; Torsmissio 51,280; automatic 
inches wider than the Ranger, and the Dakota also offers a ки S893 S780, M ero те тко vetns 


longer and wider bed and a V8 option, so it's an excellent 

step-up alternative to the Toyota T100. Still, there are jobs 

only a big truck can do. Chevy's C1500, with the base V6 or 

a more powerful V8, is ready and able to take them on. In 

fact, Chevy has its hands full competing with the Ford F- 

150—the world's most popular pickup—and won't be trou- | REPAIR: — A 

bled by the new kid on the block from Japan. PARTS /LABOR 
The T100 has to be considered a case of Toyota merely Front inis mb... 


bumper $229; two- 
lone point $132; 
white letter fires 
$125; sliding reor 
window $113 


5 44/40 


dipping a toe in big-truck waters. When the Japanese gi- пиз inseri. 21/18 
: "s BIOORG ral 163/18 
ant is ready to take the plunge—with a V8 engine and a Waler рит.................... T. 84/53 
U.S. assembly base—we'll be back with а gang of competi- S AUT ШТ | Sed. И 
tors for a retest. 85 M ae 


“Lobor costs reflect manufacturer's flat-rate time allowance multiplied by typical dealership labor rates per hour, 
{Second figure represents acceleration while towing a 2,400-pound boat trailer. 


WHY ARE WE PRACTICALLY 
“GIVING AWAY". 


“347 
WOODWORKING 
PATTERNS FOR 
ONLY 2¢ EACH?” 

IF YOU LIKE TOCUT PATTERNS OUT OF 

WOOD, THIS IS THE SET FOR YOU! 

YOU'LL FIND A TREASURE HOUSE 

OF IDEAS INSIDE. 347 BEAUTIFUL 

WOODWORKING PATTERNS AND 

DESIGNS. 

(By Frank K. Wood) 


FC&A, a Peachtree City, Georgia, 
publisher, announced today that it is 


practically “giving away” an all-new set of | 


"347 Woodworking Patterns." 
Curvy curios, charming country cats. 
Sturdy shelves, shadow boxes. showy plaques. 
Victorian ladies and stylish gents. 
Rack up your spices, spice up your den. 
Holders for candles. napkins and canes, 
Folk art, Shaker art. modern art, too, 
Gaggles of geese. or a goose all alone. 
Hanging hearts, huggable bears. — 
Doorstop decorations, welcome signs. 

 Whizzing whirligigs, models of planes. 
Take flights of fancy with fairies and gnomes. 


Pu oo 


events. 
Dancing bear, prancing pony. soaring eagle. 
Circus animals and barnyard critters. 
Childhood favorites, Noah and the Ark. 
Tulips. bluebirds, springtime motifs. 
Comic cartoons. comfy coat rack. 
Summer garden helpers, lawn deco art, 
Tick-tock clock, chug-along train. 
Bunnies for Easter, rabbits to hang on the wall. 
Front door welcome, back door friends. 
Graceful swan. gangly goose, waddling duck. 
Rocking horse, weather vane, mirrored sconce. 
Angels of love, Christmas and аш 

And much. much more. 


өоөоөөөөөөөөөө о 


Build all these wooden Tavontes: Illustrated — 


plans include full-size patterns and complete 
instructions. To order a set, just return this notice 
with your name and address and a check for $7.99 
| plus $2.00 shipping and handling. and we will 


send you “347 Woodworking Patterns" right 


away. Or, for only $9.6% plus $2.00 shipping and 
handling, vou can get both the basic set and an 
extra [00 large patterns. 


Send your check along with your name and | 


| address то: FC& A, Dept. NPS-2 
| Green, Peachtree City, GA 30269. 

You get a no-time-limit guarantee of 
satisfaction or your money back. 


103 Clover 


You must cut out and return this notice 


with your order. Copies will not be accepted! 
IMPORTANT — FREE GIFT OFFER 
EXPIRES MARCH 22, 1993 


All orders mailed by March 22, 1993, will | 
receive 50 special, seasonal, woodworking | 


patterns asa free gift, guaranteed. Order right 
away! 
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Birthday surprises, decorations for major | 


CFC&A 1993 | 


Who was the keman? 


Continued from 50] 


bly derived from birch tree sap. The ax 
marks the end of one age and the be- 
ginning of another. By 3,300 B.C., 
stone was giving way to metal as the 
material of choice for tools. The techno- 
logical revolutions arising from the 
practice of metallurgy would change 
the world forever. 

The Iceman was an expert at ex- 
ploiting the natural resources around 
him; the gear he carried tells us that. 
Along with his ax he carried an ash- 
handled knife with a tiny flint blade, 
just 12 inches long. “Had we found the 
blade without the handle attached," 
says Konrad Spindler, ^we would have 
assumed it was an arrowhead." 

The man also carried a small tool 
bag that held a bone awl, two flint 
blades, and what appears to be a flint 
drill. One of the blades bears pollen 
traces from some of the 46 species of 
grass he used to make strings, lashes, 
and other gear. Unique grass arti- 
facts, including a woven sheath for 
his knife and a voluminous cape, were 
manufactured as needed. The cape 
seems to be made from strands of 
plaited grass that hung vertically 
from the collar, as if a poncho were 
cut into thin ribbons. "Running down 
to his knees, it looked like a grass 
skirt you would bind around your 
shoulders," says Egg. 


World's oldest quiver 


The Iceman's equipment includes a 
U-shape backpack frame made from 
hazel wood and the oldest quiver ever 
found. The quiver contained 12 dog- 
wood arrow shafts and two finished 
arrows, tipped in expertly chipped flint 
held in place with gum derived from 
boiled birch tree roots. X-rays of the 
quiver's interior show a ball of string, a 
piece of deer antler, and a couple of 
raw flints. A puzzling tool—a willow 
dowel with horn or antler running 
through the center—may have been 
used to shape flints. Broad calfskin 
straps recovered from the glacier may 
be a belt for the quiver. Somewhere 
along his trek the Iceman harvested 
Piptoporus betulinus, a birch tree fun- 
gus that is used in folk medicine as an 
antibiotic. 

All the equipment was found care- 
fully stashed about 15 feet from the 
body, just beneath the lip of the trench. 
Near the body were charcoal remnants 
from six different types of wood. They 
could mean the spot was a hideaway 
that had been frequented in the past, 
or that the Iceman carried embers for 
starting a fire. No other fire-starter 
has been found, although a black, felt- 
like material laced with pyrite has 
been interpreted as tinder. 


The Iceman was prepared for cold 
weather. His shoes, oval shapes cut 
from what is possibly cowhide, cun- 
ningly fold up around the foot and 
leave plenty of space for insulating 
hay. The hay, from grass that only 
grows at 10,000 feet in the Alps, was 
anchored with grass laces threaded 
though numerous eyelets. A leather 
flap on each shoe shielded the laces 
from moisture. 

People at the scene of the find de- 
scribed leather pants that “wound 
around the legs,” but only uncertain 
fragments survived. The Iceman’s 
jacket, worn under the grass cape, is 
also in tatters. Small patches of finely 
stitched deer hide with the fur facing 
out seem to form the torso section, 
while broader strips probably served 
as long sleeves. The remaining frag- 
ments show many careful repairs over 
the jacket’s lifetime—and one coarse 
repair. Egg thinks that the man may 
have been away from home for quite a 
while, damaged his coat during his 
trek, and quickly repaired it before he 
died. 

A shepherd or a hunter? 


When a team of researchers returned 
last summer to continue the investiga- 
tion, the site was blanketed in 20 feet 
of snow. The sun melted 12 feet of it 
away, and volunteers shoveled through 
the remaining 600 tons of snow to 
reach rock. They found what may be a 
fur hat, or a cap for the quiver, along 
with the other half of the long bow and 
numerous scraps of leather and wood. 
Konrad Spindler collected many pellet- 
like animal droppings, tentatively 
identified as belonging to sheep. The 
Iceman may have been grazing a flock 
when he died. 

An alternate scenario is that of a 
hunter, who hiked to the valley to cut a 
replacement for a broken bow and was 
forced to seek shelter when a storm 
struck. Experts studying the body 
speculate that the Iceman, perhaps ex- 
hausted as a consequence of adverse 
weather conditions, fell asleep in the 
trench and froze to death. 

Researchers are reluctant to draw 
further conclusions about how the 
Iceman lived and died without more 
study. It will be many years before the 
frozen body reveals all of its secrets. 
Microscopic pieces of the Iceman’s 
organs and equipment are spread 
among 120 researchers in Kurope and 
the United States, and their work 
slowly progresses. A man who lost his 
life 53 centuries ago has become a mes- 
senger from the past, emerging from 
the ice to bring tidings of a world that 
has long since vanished. 


Now you can can | 
do something | 
about 
the weather 


ur new Home Weather Sta- 


tion helps you plan your day, 
safeguard your family and prop- 
erty by alerting you to local weather 
iditions that often vary from distant forecasts. 
l'ells you to: Warn loved ones when wind chill 
eatens frostbite... Secure outside belongings ee j 
inst unexpected gusts... Protect plants when | ead Adel ode 
alarm signals dangerous heat or cold... =l 
rease watering when rainfall is too low—and 
ch more. 
Jesigned to far outlast all others, the 
TIMETER II gives you over 20 most-wanted 


tures including: | yiee jy EE N, pA s ( "ul 
| ER ° Wind Speed and Direction | ame JANE СА а 
| aec e Temperature * Chill factor : М | 


e Alarms © Highs/lows/ de MW Ж ES 
times/dates • Metric/English I ; 

j œ Quick-Mount (no tools) | a 
sthead mounting * Fast, easy "Point & Plug" direc- 7 TAKE JOI 
1calibration (pat. pending) * Optional self-empty- | aere > nace. 
rain gauge * 30-day money back guarantee * One- 
r warranty 
me Weather Station .................. only $179 
above, without wind direction sensor ....... $149 
in US, add $8.25 shipping & insurance. NJ res. add 6% tax. 
A/MC phone orders: 800-USA-PEET (872-7338). 
епа check, т.о. or credit card no. and exp. date to: 


601-302P Woodland Rd., 
ET BROS. COMPANY us NJ 0711 
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Looks just like an ordinary shoe, 
xcept hidden inside is an innermold 
which increases your height almost 
мо inches. Choose from a wide 
election of ELEVATORS?* including 
lress shoes, boots, sport shoes and 
casuals. Satisfaction guaranteed. 
Exceptionally comfortable. Call or 
write today for your FREE color 
:atalog so you can look taller in no 
ime. 


TOLL FREE 1-800-343-3810 


RICHLEE SHOE COMPANY, DEPT. PS2N 
P. O. Box 3566, Frederick, MD 21701 


Scientific tests prove 
NordicTrack is 


5 = University research proves NordicTrack 
` delivers a better aerobic workout than: 


is 


== 1. Exercise bikes | 
2. stairsteppers 
3. Shuffle ski machines 


— 

The evidence is in. There's no better way to 
strengthen your cardiovascular system or lose weight 
than with a NordicTrack* workout. University-based 
research shows that the NordicTrack ski exerciser 
provides a better aerobic workout and burns 
more calories than exercise bikes, stairsteppers 
and shuffle ski machines. 

Ordinary equipment just doesn't 

compare to a total-body 


NordicTrack workout. 
While other machines only exercise your lower body, 
NordicTrack exercises all the major muscles throughout 
your body. Whatever your fitness goals are, using more muscles 
with a NordicTrack workout is the easiest and most effective way @ 
to achieve them. If you want to lose weight, you can burn 
more calories оп a NordicTrack. Plus, you'll raise your | 
metabolism more quickly so you can keep the weight off 
permanently. You'll raise your heart rate more quickly апд 
easily, tone and condition your entire body, increase your 
energy and get the kind of weight-bearing exercise you 
need to strengthen your bones to guard against 8 
osteoporosis and bone degeneration. 


Don't settle for less tban "Tbe 


World's Best Aerobic Exerciser ." 
Experts agree that cross-country skiing is the world's 
best aerobic exercise. The NordicTrack features a 
patented flywheel and one-way clutch mechanism 
to provide a smooth, non-jarring motion that simulates 
cross-country skiing more closely than any other 


Haven't you put off owning a 
NordicIrack long enough? 


| Consumers Digest К” a5 m. 
NocdicTrack Achiever and Sequoia ДИ Tt 
tidels as "Best Buys in the cross [1 | 
country ski simulator category. | BEST Uv 
hased on thei superior value and ай ду 
репстпапое for their price. i 


chose 


Call today to arrange for a 30-day 
in-bome trial! 


1-800-528-5888 >: 


Free Video and Brocbure available 
or write: NordicTrack, Dept. 280B3 
104 Peavey Road, Chaska, MN 55318 


You can own a NordicTrack 
for as little as $299” 


ordicirack 


А СМІ Company 


©1993 NordicTrack, Inc., А CML Company * All rights reserved. 


Save Money 
on Solid Hardwood Furniture 
DO-IT-YOURSELF KITS 


Now, you can furnish your home with the very finest solid | 
TET and oak furniture, and clocks, at a fraction of retail 
cos 


Imagine a bedroom in solid cherry at a cost of hundreds, 
inetead of thousands. 


Picture your living room in Queen Anne Sty Tables 
lowboy, seceetary desk. All tnis from pil ong er kits 
and easy-to-apply finish. 


All parts pre-cut. All frames, doors pre-assembled for you. 


Thousands of satisfied customers. 
вто EMPEROR 
CLOCK. COMPANY 
WORLD'S LARGEST MANUFACTURER OF 
GRANDFATHER CLOCK AND FURNITURE KITS 
Dept. 4611 Em Industrial Park 
Fairhope, AL e Tel: 205-928-2316 


Name: 
id $1.00 for | Street 
Color Catalog | City: 


State: — ^ à à àA 4 Zi 


machine. So why settle for anything but the best? 


a a a т” 
Smart homes 

[Continued from page 63] 

security system with 100 individual se- 
curity zones, fire alarms, internal and 
external intrusion sensors, and the 
ability to call for emergency medical 
services with the push of a button. In- 
troduced last year, TotalHome also 
links together central lighting and pro- 
grammable heating and air-condition- 
ing (although it lacks distribution for 
audio-video signals) At an average of 
$4,500, says Honeywell's Linda Whit- 
man, the system costs only slightly 


| more than some security systems. 


Another company that should con- 
tinue to do well is X-10, which makes 
remote controls and components for 
automating lights and appliances. Al- 
though incapable of two-way commu- 
nications as Smart House or CEBus, 
individual X-10 products sell for as lit- 
tle as $13; this allows do-it-yourselfers 
to build home-automation systems for 
a few hundred bucks. “The products 
are here now, they work, and they're 
cheap," says Roger Dooley, publisher 
of Electronic House magazine. 


Looking ahead 


In the longer term, many experts see 
continued slow growth for automated 
houses. "Home automation is going to 
be a niche . . . not a mainstream prod- 


| uct for the foreseeable future,” predicts 


Hampton. The reason: Consumers 
aren't sure what high-tech homes can 


| do for them and aren't willing to pay 


the high prices anyway. For those with 
limited mobility, such as the elderly or 
handicapped, the technology could 
prove to be more appealing, he notes. 
Which system will win? “I don't think 
there will be a single dominant standard 
[anytime soon], says Karen White, 
chief executive officer of EGIS, a Wash- 


| ington, D.C., consulting firm. “There'll be 


a number of things. . . for different price 
ranges. You'll eventually end up with a 
few predominant systems.” 

Waiting quietly in the wings are Eu- 
rope and Japan, where still more sys- 
tems are under development. Japan- 
ese companies have more experience 
with home automation than U.S. 
firms because such systems are more 
common there, and the Japanese also 
have a proven track record of creating 
new electronics products. Matsushita, 
Japan’s largest consumer-electronics 
company, is participating in CEBus 


| and is rumored to be collaborating 


with the U.S. company Microsoft on 
home-control software. Although no 
Japanese manufacturer has an- 
nounced intentions to launch such a 
system in this country, “I wouldn’t be 
surprised if one hits the market in 
1993 or 1994,” says EGIS’s White. 


If that happens, all bets are off. 


UST LIQUIDATE! 


BUY FOR JUST CENTS ON THE DOLLAR! 


| 3 position = Flip up rowing 
plus decline back ө 1 attachment 
rest for a variety of 


| upper body 
exercises. 


for 
horizontal rowing 


seated position. 


Do 
P d 
Professional style 
vertical bench 


press with unique 
cam action for the 
ultimate bench press 
— safe and super 
comfortable. Cam 
action provides super 
smooth resistance 
throughout the 
movement. 


| Compact unit — — 
fully shrouded in durable 


| plastic takes only. 4' x 2' of floor 
| space and fits comfortably in home or office. 


PERFORM: 
e Leg Extensions 

* Prone Leg Curls 

* Rowing 

• Situps and Leg Raises 
e Bench Press 


* Incline Presses with 
Dumbbells 
* Dumbbell Squats 


* Abdominal Crunches 


in a comfortable | 


• Dumbbell Shoulder Press 


e Supine Dumbbell Flies 


/ Special roller for resistance 
/ feature for performing incline 


' sit-ups in total comfort. 


Leg extension / curt 
| Гана ior log ani 


t / / abdominal exercises. 


/ The unique lever design of the 
/ weight arm means you get an 
extra 30% of resistance 
from your weight plates. 


, Plate loading easy 


resistance 

Takes up to 150 pounds 
in standard weight 
plates. Includes 40 
pounds in plates. Very 
convenient and safe yet 
demanding enough for 
the professional athlete 
or the beginner. 


e Close Grip Triceps Press 
* Curl Grip Rowing 

e Seated Lateral Raises 

e Barbell Curls 

e Rear Triceps Extension 
* And Many, Many More 


RYOBI^ 2-CYCLE RECIPROCATING SAW! 


55 


| or 4 monthly payments 
of $45.75" 


"T You want to just Extra large, easy-to-read display screen 
fi m do it! You want to ri 
have the body that makes 
you look fantastic! But 
you're not about to spend 
thousands on a fancy 
machine with rubber bands 
when you can get a real 
weight machine for this 
LOW LOW LIQUIDATION 
PRICE! Here it is, your 
dream come true! 


ncludes complete JOE 
WEIDER training 
programs for many levels 
of health and fitness. 
JOE WEIDER is one 
of the oldest and most 
respected names in 
physical fitness. Consult 


your library or ask your 
test friends! 


= “Spin Dial” for quick file access 


^ 
Time and date 
display when 
| notin use 


One touch 
telephone | 
Calculator auto dialer 


Holds over 1000 names & numbers at 
your finger-tips! Electronic file organizer 
with Rolodex® spin dial and auto dialer! 


• Super easy to add mi (up to 32 lines per entry!) 


* Holds over 1000 names and 


numbers. 24K memory 
[| * One touch automatically dials 
| the desired number (telephone 
memory while changing Plus $5.50 S/H each 
batteries! or 4 monthly payments 
e ONE YEAR LIMITED WARRANTY! | of $18.38* 


cord included) 
L.. ltem #04700-7681 


• Personal code for 
sur List EI ay 


confidential files 

* Remembers birthdays & 
anniversaries for you! 

* Includes instruction 
videotape and booklet 

* Uses 4 AA batteries (not 


plus $25 S/H each included) and keeps its 


0 Cords, No hoses, no hassles! The power is in your palm! This is a brute-force powerful, commercial-grade saw, 
built to operate all day long on drywall, plaster, pipe, metal, cable, lumber. * Variable speed control. 
e Adjustable front shoe assembly for variable depth cutting. + Tool kit and blades included. * Uses standard 1/2" 
universal shank blades. * Up to 2000 strokes per minute. * Weighs only 12 pounds * 15.9 cc, 2-cycle engine 


| ° COFFEE MAKER & WHOLE | 
 MELITTA? COFFEE MAKER & .E BEAN GRINDER 
ll-in-one convenience! Lets you grind whole coffee beans or brew pre-ground coffee. Funnels ground coffee directly 
nto the basket, ready for brewing the freshest, most flavorful coffee you have ever tasted! Has drip stop feature, 
removable water reservoir, hidden cord storage, warming plate, filters, scoop, recipe book and 5 cup carafe included. 
One Year Limited Manufacturer's Warranty. 


WHISTLER® SPECTRUM 2 RADAR DETECTOR 
ulse Protection • Photosensitive Digital Display indicates presence and strength of standard and pulse radar 
transmissions, « X and К Band Differentiation Signals • Quadradyne Circuitry - triple conversion superheterodyne 
e Variable Filter Setting * Audio Muting with Visual Reporting * Full Range Volume Control • Highway and Filter Modes 
• Dark Mode • Includes accessories + Limited 3 Year Factory Warranty! + Not shipped to VA or DC 


® F E T | 
KAWAI” PERSONAL ELECTRIC PIANO PH50 
РН50 can play computer generated music via MIDI (Musical Instrument Digital Interface). Sequencing, multi- 
track recording and control by other MIDI equipment are also possible. Stand available! Ask when ordering! 
* 200 Tones * 50 Preset Combinations • 30 PCM Rhythms built in + Max 16 Note Polyphonic • 4 Channel Multi-timbrel 
e Multi-function Joystick + $15 AC adapter included! © Built-in Headphone Jack • Two Built-in 10 cm Speakers 


KEROHEAT^ OMNI230 KEROSENE HEATER 


Fi about $1.50 (2 gallons of kerosene) you can safely and economically blast out 22,000 BTUs of heat for 12 hours! 
No matches or stinky mess to start...just push the кча ignition button! (Ignition requires two D Cell batteries.) 
* 19" x 19" x 27" * Only 28 Ibs. * Automatic safety shut off • EZ to read fuel gauge * CM in drip tray • Wick stop 

| control * U.L. listed = Includes fuel siphon and batteries + Refurbished for peak performan 


CARRIER? ELECTRONIC AIR CLEANER 


Four Way Cleaning System: Entry Filter Removes Larger Particles, Electromagnetic Cell Traps Particles, Charcoal 

| | Filter For Thorough Cleaning, Negative lon Generator Freshens Air • For wall, cabinet, or tabletop use. + Removable 
Grill, Entry Filter & Electromagnetic Cell cleans in dishwasher • 15" x 4" x 10 1/2" e Charcoal Filter is easily replaced 
• 3 Speed Fan • Includes One Year Limited Carrier® Factory Warranty! 
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or 4 monthly 
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plus $12 ^. 
or 4 monthly 
payments of $27 5 
Item #Р8639-7681 


Mfr. List $149.00 


OUT THEY GO... 

plus $5.50 S/H | 

ог 4 monthly 

payments of $16.13* | 
Item 43618-7681  * 


*C.0.M.B.’s Payment Plan includes Shipping and 
Handling. Add 6.5% sales tax for MN delivery. 
Add 8.25% sales tax for TN delivery. Payment 
Plan available for credit card purchases over 
$40 only. Credit card interest charges may apply. 
All merchandise backed by C.0.M.B.'s 30 Day 
100% Satisfaction Money-Back Guarantee. 
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AUTHORIZED LIQUIDATORS® 
COMB CORP, 720 Anderson Avenue 
St. Cloud, MN 56395 
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Turn c a mess s like this... With the new, improved \ Y qu. 


| SUPER TOMAHAWK* 
2N from TROY-BILT! 


Chipper/Shredder... 
e New Auto-Feed Chipper... a 
handles big branches up to 4" in 
VETE diameter with ease! 
"PL ° Its an Efficient Shredder...turns 
mue almost any organic matter into perfect 
mulch & compost instantly! 
° 3 Model sizes...5HP & 8HP 
TOMAHAWK Models and New1OHP 
Towable Model! 


For Your FREE Catalog, Call 
1-800-643-6464 Dept. 3842 
Or Mail This Coupon TODAY! 


| ! TROY-BILT MFG.. CO. Dept. A3842 
] | 102nd St. and 9th Ave. Troy, NY 12180 
| Î OYES! want to know more about the NEW 


J ! improved TROY-BILT® TOMAHAWK® Chipper/ 

: Shredder... including the specially low-priced SHP 
uid | Model! Please send me full details of prices, 

aT ! model sizes, and SPECIAL SAVINGS right у 


into eer FREE mi 
in less than one hour! 


i» Capitalizing on the 
Exploding Growth of 
Steel Framing in 
Residential Construction 


Experts Agree, the Potential for Steel Framing in Today’ $ Residential Construction 
Market is UNLIMITED, and Expanding Rapidly. Join Tri-Steel, the Industry Leader. 
Start by Building Your Own Home. 


Affordable Lifetime Homes feature: 

* Simple Bolt-Together Construction 

* Fast, Simple Erection 

* 9" Thick R-30 Insulation 

* 100 Standard Models or Custom Designs 

* Environmentally Preferred Materials 

* High Strength for Extra Protection against 
Fire, Termites, High Winds and even 
Earthquakes (Seismic 4 Rating) 


It's Easy to Start with: 
* Low, 100% Refundable Investment 
* Detailed Training Manuals 
* 4 Unique Distributor Programs 
* No Franchise Fees 
* Financing Available 
* Hands-On Training 
* Technical and Sales Support 
* Construction Assistance 
* Commercial & Small Buildings * Clearspan Interiors 
* And Much, Much More... * And Much, Much More 


ЖХ. (Call Today to Order a $19.95 Tri-Steel 
4 9 Video or a FREE Information Packet: 


8O0°TRISTEEL т 


(NP or call (817) 497-7070 Fax: (817) 497-7497 
QUT of Visit Us at: 5400 S. Stemmons Freeway, Denton, Texas 76205 
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Other companies are trying to give 
new life to common throwaway alka- 
line batteries, which use a zinc anode, 
manganese-dioxide cathode, and potas- 
sium-hydroxide (alkaline) electrolyte, 
by making them rechargeable. It's an 
attractive idea: Alkalines can pack 
twice the energy of nickel-cadmiums 
and are environmentally friendly. 

Some battery companies gave 
rechargeable alkalines a try in the 
1960s, but product recalls soon fol- 
lowed because of reliability problems. 
Now, Canadian company Battery 
Technologies Inc. (BTI) in Ontario is 
pushing a new concept for making the 
batteries rechargeable and has li- 
censed its technology to Rayovac Corp. 
in the United States and several com- 
panies in Canada, Europe, and Asia. 

BTI adds undisclosed substances to 
the usual anode and cathode mix to 
limit the expansion and contraction of 
materials inside the cell. BTI claims 
that it's rechargeable and initially pro- 
vides between 60 and 80 percent of the 
energy of a disposable alkaline. 


Alkaline cycles 


Naysayers, though, point to problems 
with rechargeable alkalines. The avail- 
able energy decreases with recharging 
cycles, and the number of cycles (about 
50) is much lower than a nickel-cadmi- 
um rechargeable. Moreover, unlike a 
disposable alkaline, which is fully spent 
when thrown away, a rechargeable ver- 
sion uses only about half its energy. 

Still, the idea of a rechargeable al- 
kaline is alluring, and others are look- 
ing into it. Rechargeable Battery Corp. 
in Byran, Texas, is developing another 
type. The company is trying to improve 
upon a bismuth additive to the man- 
ganese-oxide cathode originally devel- 
oped at Ford. And if Rayovac's expected 
move in the American market catches 
on, other companies are ready to follow. 

As older technologies are enhanced, 
new ones also need advances to stay 
competitive. At AER, the job is not com- 
plete. The company would like to im- 
prove upon the lifetime of its zinc-air 
system, for example. The longevity of 
the system is enhanced by an air-man- 
ager unit that shuts off airflow when 
the computer is off. That stops any 
chemical reaction from taking place. 
But, like any battery, the AER system 
has its idiosyncrasies. Drier climates 
such as Arizona would hurt battery life- 
time by drying out chemicals faster, 
while Atlanta's moist environment 
helps. Nevertheless, AER's Schimpf re- 
mains optimistic about the new zinc-air 
technology: “Our goal is to double the 
lifetime to 800 to 1,000 hours in the 
next three years," he says. РЕ 
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Unbelievable! €stounding! 
See the invention considered so See invisible — that See man’s earliest reach 
revolutionary - it was censored! magically restore 20/20 vision! for the moon...and beyond! 


We proudly present three decades from the Popular Science Short Subject Series, a series originally 
xhibited before feature films in the heyday of bgt woor and now compiled in three unforgettable VHS 
cassettes. Each cassette delivers the Wonders, Weirdness and Wizardry 

| | forged by the incredible world of Science and Industry! 


E Never before available on videocassette! 
Not sold in stores! 


Order Today! 


W N Don't miss this opportunity to discover for yourself the fantastic world of Popular Science! 
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[1 Popular Science - Best of the 30's............ $12.95 + $3.95 Shipping and handling 
LJ Popular Science - Best of the 40's............ $12.95 + $3.95 Shipping and handling 
О Popular Science - Best of the 50's............ $12.95 + $3.95 Shipping and handling 
Get all three at an unbeatable price! 
( О Set of three Popular Science videotapes..$29.95 + $5.95 Shipping and handling 
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Make checks payable to The Best of Popular Science. Please allow 3-5 weeks for delivery. 
Mail to P.O. Box 275, Sun Valley, CA 91353-0275. CA residents add 8.25% Sales Tax. 
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SURPLUS Thousands of unusu- 
al items for the mechanically minded. 
Tools, motors, pumps, fans, fiber 
optics, lenses, power supplies, batter- 
ies, lamps, switches, electrical compo- 
nents, electronic instruments, lab sup- 
plies, tape, magnets, containers, office 
supplies, science books, and toys. 
Amazing secret source of surplus items 


50% to 90% off original prices. FREE. E 1 


tance dare 


"NORTHERN EXPOSURE", the 
TIMBERLINE GEODESIC DOME. 
A beautiful home with spacious rooms, 
cathedral ceilings and unsurpassed ener- 
gy efficiency. AND you can build it 
yourself! Since 1969 Timberline 
Geodesics has been providing dome kits 
in many styles and sizes for the do-it- 
vourselfer all over the world. Buy the 
complete kit, or just the Connector 
Package and save by cutting your own 
lumber. Over 100 pages of color photos, 
floor plans, assembly instructions, price 
list and more-$12. Timberline 
Geodesics, 2015 Blake St., Berkeley, 
CA 94704. For VISA or MasterCard 
orders call 1-800-DOME-HOME. 


PATIO DOOR FACTBOOK 
offers ideas for creating distinctive 
Feature Windows and Patio Doors 
from Andersen's wide variety of stan- 
dard shapes & sizes. Includes impor- 
tant facts about energy efficiency, 
product quality, planning a project, 
choosing a contractor and more. 
ANDERSEN WINDOWS, INC. 
FREE. Call 1-800-426-4261. 


BUY SMART! 
USE AMERICA’S n 
BOOK SALE CATALOG 


7) THE BARNES & NOBLE 

SALE CATALOG can save 
you up to 80% on quality overstocks, 
imports, exclusive reprints. CDs, cas- 
settes and videos. Many items are mail 


order exclusives. FREE. 


Dream Home 


As featured on CBS TV's 


Hy ANDERSEN" WINDOW & 


Have Your 
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[ӨЛГЕР БЕЗЕ CATALOGS EE: 


ELECTRONIC AND ME- 
CHANICAL COMPONENTS 
ALL ELECTRONICS CORPORA- 
TION offers a wide range of electronic 
and mechanical parts, supplies. Our 64 
page catalog contains thousands of sur- 
plus and new components for research 
and development, manufacturing and 
schools. Hard-to-find items, not avail- 


eee 


CRUTCHFIELD 


"m CRUTCHFIELD The Crutch- 


tield catalog is a complete source 
of information and buying advice on 
quality stereos for your car or home. 
Over 100 full-color pages with com- 
plete descriptions, exclusive compari- 
son charts and helpful tips. Plus, dis- 
count prices on quality brands like 


Pioneer, Sony, Kenwood, Bose. $1.00. 


| | able anywhere. (800) 826-5432 FREE. / | 


1 1-(800) 242-1021 in WI. 


LINDAL CEDAR HOMES 
Vaulted ceilings, dramatic 
entries, expansive decks and award- 
winning architecture. Explore it all in 
the spectacular 240-page Lindal Plan- 
book. Page after full-color page of 
exquisite new homes. One hundred 
and one floor plans, 596 photographs, 
unique planning grids, and more. 


$15.00. 


ARCHIE 
McPHEE... 
the secret 
formula 


for fun 


ARCHIE McPHEE'’s off-beat 
catalog features hundreds of 
amazing, amusing and sometimes 
educational toys and gifts! Glow-in- 
the-dark squid, potato guns, realistic 
reptiles & nostalgia! Fast shipping! 
Guaranteed quality! Fantastic, unusu- 
al catalog, $1. 


GREATWOOD LOG HOMES 
Full log or insulated log styles 
with up to a R-40 roof system. Choose 
Northern White Cedar, Western Red 
Cedar, or pine logs. Custom design ser- 
vice available. Nationwide FREE 
DELIVERY. Order color planbook of 
79 beautiful log home models. Plan- 
book $7.50. 1-(800) 558-5812 or 


pf a. Ine, Fe 


Now! Voice, re- | 
mote, telephone | 
and sophisticated 
automated control 
of your new or 


"dig ona md aee tee Бш фр 
Vigna ani 
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Ld 


! existing home at — —! J—] س‎ 
17 HARBOR FREIGHT TOOL affordable prices. Intelligent » Amazing fascinating technology JAMESTOWN 
CATALOG Our latest catalog home automation controllers, break throughs for everyone COMPANY'S FREE NEW EN- 


LARGED CATALOG. Full of bar- 
gains including foreign stamps: U.S., 
Canada, and U.N. stamps, packets, 
albums, accessories, supplies & sport 
cards. This $2.00 value is FREE when 
requesting stamps on approval. Buy 
only what you like, and return the bal- 
Û ance FREE!!! 


is PACKED with a HUGE selection 
of tools, equipment, machinery, and a 
whole lot more! HARBOR FREIGHT 
TOOLS will guarantee your satisfac- 
tion PLUS the value of our low price 
guarantee! See why we have over 2 
million satisfied customers. Cost: 


EA $2.00. 


ANTI-GRAVITY, lasers, phasor, 
ions, ultrasonic plasma, night vision, 
transmitters high voltage, tesla coils, 
home neon, energy, infrasonics, home 
personal security, science fair projects 
and more. $2.00 creditable to pur- 
chase. Information Unlimited, P.O. 


! & Box 716#PSG, Amherst, МН 03031. / 


security & surveillance, audio/visual 
control, PC home control, telephone 
equipment, interior irrigation, drapery 
control, etc. Largest selection of X10 
compatible products available. Catalog, 
$2.00 (US), $4.00 elsewhere. Credited 


with first order. 
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I Brew your own micro-brewery 


or import quality beer at home. 
The James Page Brewery offers its 
expertise to help get you started with 
a rewarding new hobby. Our catalog 
contains everything for the home- 
brewer, including a complete equip- 


| ment and ingredients package that is 
| perfect for the beginner. Great do-it- 
| yourself project! FREE. 


BUILD YOUR OWN HOME 
AND SAVE $$$. By doing 
some or all of the work yourself, you 
save money and increase equity poten- 
tial. Miles Homes offer: # Quality pre- 
cut materials *Cash assistance for 
subcontracted work • Below market 
construction financing *Step-by-step 
guidance. Call for a FREE brochure. 1- 
800-343-2884. MILES HOMES, INC. 


АН: 7 ТА ауа 


yı | SOLAR ELECTRICITY. The 


new Sunelco Planning Guide and 
Catalog is packed with 124 pages of infor- 
mation and quality products. It details the 
design of RV, cabin, water pumping, and 
total home power systems. SUNELCO is 
your complete source for solar modules, 
controllers, batteries, inverters, water 
pumps, energy efficient lights, and 
propane appliances. A must for eve 


ton I ме 2 dsl et. 


NEW 1993 LEATHERCRAFT 
CATALOG NOW AVAIL- 
ABLE. Largest selection of leathers, 
tools, books, patterns, hardware, kits, 
and supplies. Everything for making cus- 
tom leather goods. Low prices, quantity 
discounts. Send $2.00 postage/handling 
(refunded on first order) to: TANDY 
LEATHER COMPANY, Dept. PS293, 
P O Box 2934, Fort Worth, TX 76113. 


ne 


: so MHITEY co 


J.C. Whitney. For over 77 years 
your Everything Automotive 
Catalog store. The most complete 
line of accessories, audio, parts and 
dress up items for your car, pickup 
truck, RV, vans, VW, and Motorcy- 
cle. Full year’s catalog subscription 
and you save with each catalog order. 


FREE. 


19 HISTORIC SHIP MODEL 

KITS. Museum quality replicas 
you build yourself. Precut wooden 
parts, metal and brass fittings, cloth 
sails, plans and instructions included 


in kits. Send $1.00 for 92 page color 
catalog. MODEL EXPO, INC. 


Send coupon to: 


POPULAR SCIENCE 
P.O. Box 1695 
Riverton, NJ 08077 


Name 
Street 
| ————— چچ ج‎ 


otate Zip 


Check the numbers of catalogs you want. Total 
cost & add $1.00 for postage and handling. 
Enclose check or money order payable to: 


Things You 
Never Know Existed... 


and others you can’t POSSI- 
BLY live without! 100's of sur- 
prises you never dreamed you'd see. 
Esquire, New Yorker said "world of 
fantastic wonders," most unusual cata- 
log in the world," 96 pgs., over 1800 
funmakers, jokes, novelties, magic, 
sports, science, electronics, self- 
improvers, hobbies, Johnson Smith 


| | ROLL-TOP COVER ...a 


unique pickup bed cover featur- 
ing a rigid covering for security and 
gas economy that instantly rolls up 
into a small canister for quick access 
to your truck bed. Will make your 
truck look great. For FREE informa- 
tion contact the factory, PACE- 
EDWARDS CO., at 1-800-338-3697. 


Name 
Street 
City 


юг SHOP AT HOME 


Popular Science To advertise in this section call (212) 779-5572 or (800) 445-2714 


Send coupon to: 


POPULAR SCIENCE 
P.O. Box 1695 
Riverton, INJ 08077 


“WE PRINT OUR CATALOG 
FOR THE AMISH." We're the 
"general store" for simple living. 
1,000+ items dating to 1800's used in 
Amish kitchens, gardens, homesteads. 
Cast cookware, toys, kegs, churns, lamps, 
handpumps, wood cookstoves, gas 
refrigerators, more! Recommended by 


Home Mechanix, L.A. Times, others. 


Recorded 
Books, inc. 


Listen to unabridged best-sell- 
ers, mysteries, histories and 
much more while you drive. Expert 
readings by professional actors bring 
great books to life. Call or send for a 
free catalog of unabridged Recorded 
Books™: 1-(800)-638-1304. Ask 


about easy rentals by mail. 


State Zip 


Check the numbers of catalogs you want. Total 
cost & add $1.00 for postage and handling. 
Enclose check or money order payable to: 


POPULAR SCIENCE POPULAR SCIENCE 
l enclose S for catalogs checked | enclose S for catalogs checked 
+ 9$: 1.00 postage/handling + $ 1.00 postage/handling 
TOTAL $ TOTAL  — 
1. $12.00 12. $2.00 1. $12.00 12. $2.00 
2. $15.00 13. FREE 2. $15.00 ______ 13. FREE 
3. FREE 14. FREE 3. FREE 14. FREE 
4. FREE 15. FREE 4. FREE 15. FREE 
5. $1.00 16. $2.00 5. $1.00 16. $2.00 
6. FREE 17. $2.00 = 6. FREE 17. $2.00 
_ 7. FREE _ 18. FREE | 7. FREE 18. FREE 
8. $1.00 19. $100 | 8. $1.00 19. $1.00 
9. $7.50 20. FREE 9. $7.50 20. FREE 
10. $2.00 21. FREE 10. $2.00 21. FREE 
11. $2.00 (u.s.) 22. $4.95 11. $2.00 (U.S.) 22. $4.95 
lla. $4.00 (foreign) 23. $2.00 11a. 54.00 (foreign) 23. $2.00 
PS 2/93 PS 2/93 
Allow 4-6 weeks for delivery Offer Expires 5/30/93 Allow 4-6 weeks for delivery Offer Expires 5/30/93 


Speaker 
of the 
House 
Greets 
All of 
Your 


Guests. 


Why jump and run to the door everytime 
someone knocks? 
Answer the door from your phone with the 
touch of a button! 
Sometimes you just don't feel like answering 
the door even after you've seen who's there. 
Other times, it's simply inconvenient. 
The Sentre Door Phone and Telebel Doorman 
make it easy to answer the door just by picking 
up your telephone! When the doorbell rings, 
these units let you pick up any phone in the 
house and speak with whomever is there! You 
can even call a friend, and both be heard to 
give an unwelcomed visitor the impression that 
ou are not home alone. In addition to the 
eatures of the Sentre Door Phone, the Telebel 
Doorman calls any pre-programmed remote 
telephone number when someone rings the bell 
and you are not around, letting you screen 
front-door visitors from any phone in the world! 
The Doorman even lets you operate gate 
openers, door strikes, and garage doors from 
any telephone keypad for complete control of a 
visitor's entrance when you can't be there. 
Ф Sentre Door Phone TC1000 $169.00 
Ф Telebel Doorman CS2300 $299.00 
To order your Telephonic Door Answering System 
Call: 1-800-728-1942 Or Fax: 405-842-0162 
Visa & Mastercard # Add $9 for shipping & handling 
One-year warranty + 30-day money-back guarantee 
To have a system made to order: 
Please call Customer Service 405-842-0163 
To order by mail: send check, m.o. 
or credit card # and expiration date to: 


P5293 


INTELECOM 6488 Avondale Oklahoma City, OK 73116 | 


© 1992 INTELECOM Products, a UTC Company. All Rights Reserved 


Now you can have complete weather 
information literally at your fingertips with the 
Weather Monitor Il. Sophisticated in design, 
yet easy to operate, it's as miraculous as the 
weather itself. 


FEATURES INCLUDE: 
*[nside & Outside Temps 
* Wind Speed & Direction 
Inside Humidity 
«Time & Date 
eBarometer ш 
«Wind Chill 
«Alarms 


Ween Moxon II 


HOME WEATHER STATION 


Order today:1-800-678-3669 • PS626X 


M -F 7 a.m. to 5:30 p.m. Pacific Time + FAX 1-510-670-0589 
M/C and VISA * One-year warranty ж 30-day money-back guarantee 


DAVIS INSTRUMENTS 3465 Disto Ave., Havwaxo, CA 94545 


e Highs & Lows 
* instant Metric 
Conversions 
«Outside Humidity 
& Dew Point Option 
*Raintall Option 
* Optional PC 
аабб Interface 
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The lightning stalker 
[Continued from page 57] 


Now he's on his own, as owner of 
Weatherstock, a photo agency special- 
izing in lightning. His work regularly 
appears in print and on TV all around 
the world. But it's not as easy as it ap- 
pears; he figures he drives 5,000 to 
8,000 miles a year chasing lightning 
during the monsoon and says he 
spends nearly $5,000 for each really 
good photo. Tough work. 

Not to mention the dangers. Rattle- 
snakes, for instance. He sees a lot of 
them. "One time I was focusing, then 
stepped back and knew immediately 
that I was on a snake. It felt kind of like 
a rubber hose." He was standing just 
four inches from the head, too close to 
allow the snake to turn and bite. He has 
crawled through a thicket of black wid- 
ow spiders, been nearly shot by drunk- 
en cowboys, and more than once was al- 
most washed away in flash floods. 

And then there's the danger of the 
lightning itself. Last year when he was 
adjusting a tripod near an active storm 
he heard "a zipping noise, like an arc." 
Suddenly the tripod became electri- 
fied, and he automatically flung him- 
self backward. There was no flash, but 
his arms ached for a half-hour. 

Another time he had just opened one 
of his shutters when a blinding flash 
exploded in front of him. The shock 
wave—or simply physical reaction 
—flung him to the ground. The result- 
ing photo is one of the closest ever tak- 
en of a flash: 400 feet. 

Faidley no longer tries to get that 
close. It's too dangerous. A lightning 
strike can not only kill you instantly, 
but worse, can cook you inside out. 

And taking lightning photos from a 
safe distance is easier. More comfort- 
able too. Faidley no longer even carries 
a raincoat. "If you're in the rain," he 
says, ^you're too close." (In other parts 
of the country, lightning photographers 
shoot from parked vans. That's safe, be- 
cause a metal vehicle acts as a cage, di- 
verting electricity around its occupants. 
But photos can blur because of rocking.) 
Birth of a storm 

Now we're watching that storm build 
before us (not too close) as Faidley re- 
views for me an elementary lesson in 
what is happening: 

Twenty minutes earlier, the desert 
floor, having baked all day, began 
earnestly releasing its heat into the 
relatively cool early evening air—still 
moist from the Gulf. The vapor formed 
the cumulus cotton puffs we're watch- 
ing. Two or three clouds merged, 
warmed faster, rose higher, began 
sucking up huge quantities of the hot, 
wet air. The combination bloated in a 
slow-motion explosion. 


Soon the top reached a point where 
water vapor is cold enough to con- 
dense, then cold enough to coalesce 
and freeze, forming undeveloped hail 
—pea-size slush balls called graupel. 
They grew heavy and started to fall, 
but the upward rush of air blew them 
back up, and again they fell, yo-yoing 
for hundreds of feet. By now the inno- 
cent-looking cumulus had become a cu- 
mulonimbus, a thunderhead. 

All the time the electrical charges 
were moving. For now, they're invisi- 
ble, quiet. 

Earlier today at the University of 
Arizona's Institute of Atmospheric 
Physics, E. Philip Krider, its director, 
talked about his specialty—lightning 
and thunderstorm electricity. He and 
others, using electromagnetic field 
sensors, rockets, Doppler radar, and 
supercomputers, have been peeling 
away lightning’s mysteries, analyzing 
the flash, microsecond by microsecond. 

“We're just beginning to understand 
the detailed mechanism of how clouds 
become electrified,” he said, then 
sighed, “but each layer reveals more 
mysteries.” Most cloud physicists now 
believe that charges grow because of 
collisions between rising ice crystals 
and falling graupel in the presence of 
supercooled water. But how? One pos- 
sibility, according to a new theory by 
University of Washington cloud physi- 
cist Marcia Baker, is that the charge is 
transferred by the passing of quasi-liq- 
uid surface water between two collid- 
ing pieces of ice. 


Lightning puzzles 


Other questions remain. One exam- 
ple: How does the negative cloud 
charge become concentrated enough to 
trigger the initial discharge, called the 
stepped leader? “One of Warren’s pho- 
tographs is particularly interesting,” 
say Krider, “because we can measure 
the little sparks that give us informa- 
tion on the spatial dimensions of the 
attachment process. We have to know 
that before we can say how far away 
from something a lightning rod will 
provide protection.” 

Faidley's photos also give Krider in- 
formation on return strokes. The 
stepped leader that propagates from 
the cloud to ground may initiate the 
flash, but it provides only the path. 
The real wallop is in the return stroke, 
the blast from the earth to the cloud. 
"That's the process that does the dam- 
age," Krider says. “It’s the return 
stroke that gets you." 

Other questions: Why does lightning 
differ in different months of the year? 
Why are there more strokes over land 
than over the ocean—if that is really 


HARD-T0-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


гот America's Largest Mail-Order Market Place of Unusual Values in Telescopes, Binoculars, Magnifiers, Solar, GRAF 
Microscopes, Science Kits, Lab Equipment, Toys, Military surplus, Lasers, Photo and Weather Instruments. 


te Over 1,500 Chemical Experiments 
h This Satest Chemistry Set Ever Made. 


A new revolution- 

ary concept with 
nan-spill labware 
was developed for 
the Smithsonian 
Institution by sci- 
entists at Princeton 
University. It is the 
safest chemistry 
| set for elementary 
students as eac 

chemical is en- 


d in a protected, spillproof bottle and is transferred 
spillproof "experiment dish" by special droppers. 
tical strengths are a fraction of regular chemical set, 
ire strong enough to achieve the correct reactions in 
riments. Set includes 20 chemicals, labware, bal- 
leads, wire, compass, safety glasses, gray plastic 
е case and instruction booklet. — PT52,000 $49.95 


115 Different And Exciting Mechanical 
ects With This Engineering Action Kit. 


A wide-ranging introduction to many 
educational and Ape si qe 

of engineering. Each activi‏ ا 

_ revolves around a pre-bui 
| Fa console that is adapted 
| to each mechanical ex- 
periment. Includes ex- 
panments in gaar/ratio, 
bee? ЕСС motor, gas en- 
, gine, piston pump, valves, 
carburetors, transmissions, shock 
к absorbers, battery tester and more. Requires 
R14 batteries (not included). You can build a worm 
‘and planetary gear, a gyroscope, throwing machine, 
Марий and much more. Instruction booklet included. 
Р, zm m. 95 

h Rocks, 


them together and see - 
ing flashes inside the rocks! ~ 
Durce of light is a miniature 
ning Mash” that occurs in TTD 
artz material within the rocks. It's naues 5 's Piezo "- 
of 3 bags (6 rocks). 137,474 $7.95 


_ Go Fishing With This Mighty Magnet. 
E A ا‎ M. Fun to use around docks 


retrieve metal objects that fall overboard. 


You'll be amazed at what Il up. Wt. 
] bs mesures shad ade with a 

in coating to resist cor- 
J dr ‚135 $33.95 


cision Gyro e Performs Gravity 
ying Feats, R s. Hoteles Up To 3 Minutes. 


onstrates "gyroscopic inertia’ 
Didity in space as first recorded 
i Isaac Newton in the 17th 
An object rotating about a 
p holds its position with & 
[to inertial space, no matter “ёа 
the spinning object's support 
oved about. Gyro-controlled 
ance and navigation systems are used 
ips, planes, missiles and space craft 
used in mapping/survey work, oil 
ng and motion-picture production. 
| laser gyros and advanced control 22 
eren qaa yroscopic principles promise ta be an 
rt of tomorrow s technology. РТР, $7.30 


uem More Than A Money ' 
Dims spinning tricks ana nigh maneu- 
ey a coin onto the launching рай, 
пх unit in a circular motion. 
ha an immense amount of speed 
ing the coin to spin around and 
- until it finally drops to the bottom 
area. "The Jonges! continuous 
у so far is 33 hours, 16 minutes" 
enge your skills, spin the coin back 
debeo itupside down, ин 
. Made of tough lene. іп- 
к з=. 137,832 $18.50 


wu Play For Hours —— 
These Col | Magnetic | Magic Marbles. 
| a mountain or odd geometric pat- 
i with these fascinating, high impact 
ic marbles. Each е has both a 
live and positive pole. A challenge to 
519! 20 тапив Fun ~ youngsters, £71 


package. i 
2 ZEE: $3. En i 
ges or more) & 
v н ec eck G 3.20 Ea. 
ir The Softest Whisper At 100 Yards Using 
| Bionic Ear With Its Parabolic Booster. 
ll now be able to listen to 
sands of sounds that are 
iow to be heard with de 
an "m designed à Черин 
ч Ce, des. ‘or 
e | security Leg eh t : 
ird watching, security, law 3) p. 
rcement, hunting and for 
hearing impaired. The e r X t 
ic Ear has an omnidirec- B -. == 
i| microphone that ampli- U-f sore in 
sounds from all directions 
the dominant sounds coming eal the direction that 
init is pointed in. It contains an automatic safety 
-off circuit for testing ultra loud incoming sounds 
may be harmful to your hearing. Complete with 
iphones and a Parabolic Booster, making the unit 
more powarfu directional, enabling it to pin- 
t the direction that sounds originate from. Wt. 1 1/2 
powered with a 9 battery (not i j. PT33,595 $145 


For Phone Orders, an 


1-609-547-8880 
for friendly special treatment 
VISA, MasterCard, Diners Club, Am. Exp., Discover, 


ie Blanche or Optima. Call anytime, 24 hours a day. 
ST ORDERS SHIPPED WITHIN 48 HOURS 


i. 


bridges. A 'must' for a boat, it helps 


| tion on all AM stations. Select-A- 


U.S. Employs mutually inductive 


| Even On A Roller Coaster. 


This Motorized Gear Construction Set Is An 
Introduction Ta Engineering 
_ #\ For Little People. 


Lange gears snap together 
easily for small fingers. 
Eas y to follow diagrams 
p. cu and colorful 


Ex construct 165 
= “snap-together 

=. girders, plat- 

forms, wheels, gears, axles and drive belts. Also included 
is a hi torque powerpack to power your projects. You'll 
be able ta build moving trains. 
catapults and $0 much more. Instruction booklet includ- 
ed. Batteries required PT52,014 $25.95 


Become A Windowbox Gardner And Watch The | 


Unde rground Development Of Seeds & Roots. 
А fascinating garden lab- 


underground develop- 
ment of seeds and roots 


Watch carrots, radishes 
and onions take form. 
- Our Root-Vue kit in- 
“| cludes grow box with 
acrylic window, light 
shield, soil mix, seeds, 
hatred labels and | 
| simple to follow instruc- 
tions. PT52 ‚059 $24. 95 


This Clever Gadget Will 
Tell You How High You Are 
ae Whether youre driving cross country ог 
"Eg hiking in the mountains, this Altimeter will 
tell you how high you are. Shows eleva- 


tape (inc! ) or has pre-drilled screw holes 
Also has built-in!barometer PT34,544 $39.95 £s 


The Handboiler, An Amazing 
Demonstration Of Physics 

Watch the liquid contained within the glass 
chambers appear to “boil” from the warmth of 


“iN 


your hand that increases the vapor pressure й Тат 
within the chambers. The warmer your hand, Poe 

the better it works in this unusual demonstra- 
tion of physics, PT37,299 $3.95 


With Select-ATenna. 
| NY. When In Boston. 


in those weak, distant, 
clear. . 


Great AM Radio Rece 
Listen To Station \ 
This new antenna will 
AM radio signals loud a 
You'll now get excellent radio recep- 


Tenna turns your AM radio into a 
powerful receiver Used in Alaska to 
pull in stations from continental 


coupling. Mini-jack and plug. 
10A" dia. PT72,147 $59.95 


| Add Spectacular Color To Your ы wm" A 


Rainbow Light Display. 


Our equilateral prism mounted in 
an attractive high tech positioning 
base catches the sunlight from 
your windowsill and projects the 
suse арт ad rainbow patterns over your 
walls, ceiling and floor. It's almost like being 

inside a multifaceted diamond. Glass equilateral prism 


| is2" (50mm) iong with 1" (25mm) faces. Black plastic mount 


is 3x Thx Ti PT38,400 $7.50 


This Pocket Accelerometer Actually Measures 
The Speed You're Going, : 


Record accelerations of roller coast- 
ers and other rides or fasten it to the 
dashboard of your car and measure 
centripetal acceleration as you po 
around corners. The face of t — 
accelerometer is calibrated in units of “G* so you can read 
| the acceleration directly from the unit. Durable plastic, 
equipped with locking mechanism to hold g iven accelera- 
tion unit until it can be recorded. ,834 $19.95 


Perform Experiments With Equilateral 
Prisms Discovered by Sir Isaac Newton. 
Prism discovery optics 
have three equal 60° 
angles, ideal for class- 
room demonstrations. 
Turn sunshine into rain- 
bows, bend light, aven 
make à periscope. You can perform Newton’ 5 basic dis- 
persion of white light into the spectrum experiments. All 
made of optical glass. Face size is 25mm. 

50mm, PT31,801 $5.35 100mm, PT31,798 $5.85 
T&mm, PT31,797 $5.75 150mm, PT31,799 $9.25 


Motors ү Bag For Hobbyists, миуа, 


Наме fun by adding mo- 
tion to your science fair 
projects, demonsira- 
tions and experiments К я 
with this special buy ài = 
20. 1" motors with 34" 
lang shafts. . 
20, 1" Motors PTT SDA $1 k: 


parts are used to | 


cars, planes, windmills, | 


| Oratory lets you view the | 


through a clear window, | 


tion from sea level to 15,000 feet. Can бе | 
mounted to dashboard with self sticking | 


| 
ИЧГИ О үчүм. 
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Dur Lowest Price Compact Laser Pointer. 


It's Lightweight, Measures Less Than 5". —| Next science roject. 


professionals. 
It projects a brilliant red laser dot to focus 
attention to slide presentations, charts, bus- 
iness and sales meetings at distances up to 
300 feel This compact pen style class Illa laser pointer is 
crafted of the finest materials and built to the highest 
industrial standards. 1 1/2 hours continuous battery life, 
uses 2 "AAA" batteries incl. Weighs less than 2 oz. Rated 
output: 3mW at B70nm. Carries 3 year manufacturers lim- 
ited warranty. PT52,117 Price Breakthrough! ONLY $89 


Powerful Miniature Motor Runs At 9500 RPM 
Yet К s Only Barely Thicker Than A Pencil. 


This permanent mag- 
| nat motor powered 
„>> by only one 1.5V "AA" 
battery (not incl.) can 
# k turn its shaft at 
RPM, current with no load 90mA. Complete with a minia- 
ture propeller that provides many applications for the imag- 
inative model maker. Measures 3/4°L x 1/2" dia., shaft dia. 
0.059" x 0.35" long. Battery holder attaches direct! to 
motor. Overall length 2 7/8". PT39,281 $4.25 


"ms Metric Triple Balance Ohaus Scale 
Td fo With Single Pan Balance. 
The classic weighing instru- 
ment, provides accurate 
md ^ weights year affer 
year Rugged con- 
| Struchon, weigh 
L| anythung — hquids 
fasod; or live ani- 
mal Three tiered, 
Lae pus (100550, 30-00 0-10 өтк)! hee e 
s, sliding poises ee tain orm 
Tbe РТИ РТТІ,895 $93. Acc. Wt. Set, expands scale to 2. 
610 cap. incl. 1 -500 and 2-1 000 gr. wis. PT41,766 $26.00 


| Miniature Water Pump For Photo Darkrooms, 


This tiny pump can pump а [ел 


pint per minute with a T2" TIT 
high flow. Ideal for tempera- D = P — 
ture control and circulation t 7.50 TE 


of darkroom chemicals , table fountains. bros M water 


filtration and more. Can be used in either direction and is self 


priming. Operates on 2 flashlight batteries (not incl.). runs up 
to 48 hours before battery change is required. 4" tube incl 


“700 Science Experiments For Everyone" — 
An Exciting Book For Science Fair Projects. 


A brand new, up-to-date edition of the best 
known science experiment book in the 
world. Compiled by science roe ey 
under the auspices of UNESCO in Paris. 
251 pages. featuring optical projection, 
gg ege astronomy, mag 
netism ноду à 

Describes experiments with easy-to- follow 
instructions. diagrams PT $13. 95 


It's fascinating to watch the delicate vanes 
within this 5° precision-made sphere spin 
faster and faster illustrating the basic prin- 
ciple of solar heating. When light strikes the 
vanes it transfers heat, and the vanes begin 
10 move. Works from direct sunlight or ar- 
tificial light. An ис. "conversation 

‚082 $6.95 


Build This Authentic 
It's Motorized To, 
Run ми Dive! j 


Authentic 1/150th scale model of the German Type VIIC sub- 
marine is motorized to run and dive. Assembling this kit will 
teach the basic engineering principles of submarine operation 
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gn It's a specially designed diffuser 
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The lightning stalker 


is 
tinued froi 


the case? In fact, how much lightning 
is there over water? “Such simple 
questions,” says Krider, "reveal how 
little is really known." 

Now, watching that huge buildup of 
clouds to the south and imagining the 
building internal charges, I await a 
demonstration. But then I notice a pe- 
culiar thing: Faidley isn't looking 
south at all; he's swiveling his cameras 
north. Over the desert some 20 miles 
away, toward Phoenix, hang a few 
dainty cauliflower blooms—pretty, but 
innocuous. “Look really good, don’t 
they?” he asks. They don't at all— 
what's good is that monster behind us, 
and he's going to miss it. 

I say so—just as a flash jags from 
under one of the bulbous vanilla blobs 
up north. It sears to the desert floor, 
burning its image into film. 


A megamonster 


Faidley is standing there in the deep 
dusk now, head thrown back, hands on 
hips, shouting at the sky: "Colossal! 


| Supercell! Megamonster!” while the 


three still cameras sit with lenses open 
and the movie camera clicks at one 
frame every 25 seconds. 

The lightning strikes, again and 
again, through the cloud and across it 
and down to the ground. One smacks 
the edge of a mountain, and a reddish 
light lingers. “See that?" asks Faidley. 
"Started a little forest fire." 

Ten minutes pass, and all traces of 
twilight have gone now. The top of the 
cumulonimbus—its anvil stretching 
out to the horizon—would ordinarily 
rest in darkness. But nearly constant 
lightning in the middle of the cloud 
(with a touch of “spider lightning” 
streaking through the top) keeps that 
anvil lighted. It rises (to 50,000 feet, 
Faidley estimates) and spreads, 
sweeping slowly before us—far enough 
away that the sound of all that tumult 
arrives as a constant rumble. 

(The next morning, Shumaker at the 
National Lightning Detection Network 
will tell me that the cloud-to-ground- 
stroke count reached 692.) 

We turn up the weather radio: “This 
is a special weather statement. A 
strong thunderstorm is moving toward 
Phoenix. . . . Heavy rain and hail 
around 8:50 p.m. .. . could cause street 
flooding in the metro-Phoenix area. 
One automatic weather station at the 
base of Superstition Mountain south- 
east of Apache Junction had about one 
inch of rain. . . . Winds reached 47 mph 
. . . contains an unusual amount of 
lightning.” 

The night left me full of wonder, ex- 
hilarated, exhausted. It left Faidley 
checking tomorrow's forecast. 
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Try Risk-Free for 90 Nights. 

Sleep on a Select Comfort for 90 nights. 
If you are not completely satisfied, return it 
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about coating optical fibers with aero- 
gel, to increase their throughput, or 
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PERFECT time to buy Tufoil, output. 

NOW?'s the time! Check the | For some applications, especially 
coupon below for details and where cost is the overriding factor, 
REALLY change your oil...into aerogels may have some competition. 
a patented engine treatment. Last June, another Livermore scien- 


tist, Robert Morrison, announced that 
he had made a new family of extreme- 
1-800-922-0075 
ORDER TODAY 


ly lightweight solids from agar, a pro- 
tein found in kelp [“Science News- 
front,” Oct. '92]. He calls them SEAgels 
(Safe Emulsion Agar gel) and says 
they are far easier and cheaper to 
make than aerogels. Morrison starts 


| YOU BUY ^ — TOTAL COST YOUR FREE GIFT with agarose, a white powder derived 
| —1&OUNCE 51775 lud "rm bas oa 
| — 2 8-OUNCE $ 29.00 > NEE | Removing the water is simple: The gel 
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|l — 1 GALLON $ 131.00 => 28-OUNCE FREE agarose are at least 100 times larger 


than those in an aerogel, large enough 


| Here s my check __ , money order __ , credit card __ for $ _ to accommodate ice crystals that 


| VISA — MC. AM.EX __ # Exp — would destroy the structure of a silica 

NAME gel. The ice is then drawn off in a vacu- 
| um, leaving a foamy white solid. Mor- 
| STREET ADDRESS rison says anyone with a freeze-drier 


could make SEAgel at home. 
From such mundane stuff, Morrison 
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[ ЕЕ Fluoramics, Inc. 18 Industrial Avenue М.Ј. residents, add 6% sales tax. 


has produced SEAgels so light that 
[ Mahwah, NJ 07430 МОМЕҮ BACK GUARANTEE ON 8 oz. only the weight of the air in their 


air were removed, they would be 
| J sa al lighter-than-air * solids. Morrison says 
TH E WO K T © 0 N LY these are far (có fragile to be of any 
LY | practical value, but by increasing the 
H A N D С p R Ё р p Н 0 N F amount of agarose, he’s made SEAgels 
E 
| | | ® 


about half as dense as balsa wood yet 
just about as strong. As insulators, 
they aren’t quite as good as aerogels, 


e Voice Activated. (Answer without touching) but lower cost could make them an at- 
e Automatica Пу disconnects. tractive alternative for refrigerators 
and other applications where trans- 

e Clear, excellent reception. parency isn't necessary. 
(as far away as 50 feet) "If you needed the absolute very 
o 200 name memory speed dial | | best insulation, regardless of cost, you 
(alphabetic recall search - no more guess work) would pick an aerogel," Morrison says, 
Records all outgoing calls. | | "because it's better, no question about 


| | it. If you needed to be able to compete 
Long distance blocking in an open market, then you would 


* 5 Programmable alarm clocks. | | pick the SEAgel.” 
ded ma medication c or x раа 


Gel business 


SEAgels are completely biodegrad- 
able—once moistened, they simply 
dissolve—but unlike aerogels, they 


E Elap se time. their high surface area, could make 
* Last number redial them ideal containers for time-release 
* Plus many more options. medications. When SEAgels do make 


it to the marketplace, one of their first 
Just send check or money order to: uses will be decidedly mundane: as a 


TEMASEK TELEPHONE CO. biodegradable packing material. Is 
260 E. Grand Avenue #19 anyone gearing up a SEAgel produc- 


So. San Francisco, CA 94080 tion line? "Not yet," Morrison says. 


^We're talking to several people as far 
+ Temasek © ©°:] -8Q0- HELLO- 2- y 


things tend to drag on.” 
Aerogels, meanwhile, face an uphill 


as licensing the technology. But these 
TELEPHONE INC. 


100 © POPULAR SCIENCE FEBRUARY 1993 


battle to win a place in our everyday 
lives. Hunt says that aerogels' remark- 
able potential will go unrealized until 
manufacturers perceive a niche for 
them. He says one obstacle is business 
sociology: Companies are reluctant to 
go where others have not yet tread. 


Hunt says the answer he hears most | 


frequently is, “Show me somebody else 
who's using it, and ГЇЇ consider it." Un- 
til last fall, Hunt was working to at- 
tract an industrial partner to take the 
process into mass-production; Ther- 
malux was then producing a few hun- 
dred pieces of aerogel a week. But in 
October, after negotiations with a large 
firm fell through, Thermalux laid off 
all but two employees and closed down 
its manufacturing plant. Hunt hopes 
to keep the company going “as an enti- 
ty” and to return to making aerogels in 
the future. 

“I don't know how many people real- 
ize how difficult it is to bring a new 
material to market," Hunt says. For 
aerogels, he explains, government 
support may be necessary, "because 
industry is not doing it on its own, at 
least not in this country." Products 
that rely entirely on aerogel, such as 
thermal windows, are getting strong 
interest abroad. In the United States, 
Hunt says, companies are more inter- 
ested in simple ways of using aerogels 
to improve existing products—for ex- 
ample, mixing aerogel powder into 
other forms of insulation. 


Space dust 


For now, the aerogels have mostly 
retreated to those esoteric corners of 
science. Since August, there has been 
a piece of silica aerogel circling Earth 
on the side of the EURECA (European 
Retrievable Carrier) satellite, and Don 
Brownlee is looking forward to getting 
it back. He says the reason aerogel is 
ideal for collecting micrometeoroids is 
because its pores and particles are 


smaller than the cosmic dust grains | 


themselves and offer so little resis- 
tance that, to the speeding micromete- 


oroid, "It's almost like it's going | 


through a gas." 

EURECA is scheduled to be brought 
back to Earth later this year. Brown- 
lee hopes that when he holds the aero- 
gel up to the light he will see small 
tracks made by the micrometeoroids. 
At the end of each track he should be 
able to see the glint from the cosmic 
dust itself. Then, under a microscope, 
it should be easy to remove the sam- 
ples for analysis. It's hard to imagine 
what Brownlee might find in a grain 
of dust that's been around since the 
birth of the solar system. But then, it's 
pretty hard to imagine a solid that's 
lighter than air. 


©1993 NordicTrack, Inc., A CML Company * All rights reserved. 


TWO BIKES IN ONE! 


Discover Year-Round 
Fitness With NordicTrack’s 
Fitness Bike". 

Revolutionary features, along with the 
optional specially designed indoor stand, 
make NordicTrack’s Fitness Bike the 
best four-season fitness machine 
available. Burn up to 900 calories per 
hour and achieve cardiovascular fitness. 
Shift With Confidence with the patented | ! | | 
nine-speed radial gear transmission. | с мше 
Discover Easy Handling with the unique аы i 
frame-design geometry. 

Get More Braking Power With Less 
Effort with an innovative, patented 

rim band brake. 


Best Of All, Save Time And Money With 
Our Virtually Maintenance-Free Design! 


ГОЈ ШГ Г کک کک‎ oe SNC 


Марок E у ТЭУ DINE 


А i3 TWO BIKES IN ONE 
"*. Enjoy Your Ride More 
, with the exclusive p------------------ 
heads-up riding i For more information write 
iti NordicTrack, Dept. 1Y8B3 
position and 104 Peavey Road © Chaska, MN 55318 
| comfortable | Op ow 
i del-padded seat. | ease Ser EM ee Drocnure 
i Also a VHS videotape 
| NAME _ 
TO ORDER OR FOR MORE INFORMATION CALL: l STREET 
1-800-858-BIKE ies | — 
| TY8B3 | STATE ZIP 
[| 


Lowest Price We've Ever Seen for a 
3-BAND MODEL of this Caliber! 


ү: rate Your Initial Investment Can Pay for 
e lec 4 
uadraTe n Itself in Money Saved on Tickets 
and Increased Insurance Rates! 


Protect yourself from lurking X, K and Ka 
(photo-type) traffic radar, including instant-on 
systems, with this first quality 3-Band QuadraTech"! 
A The model FR2000T features: 
` * Dual conversion superheterodyne receiver 
* Visible and audible warning signals 
* Volume control and mute 
e Wedge design is just 1-1/4"H х 
e-a/4"W x FL 
* 90-day limited warranty 


| Mfr. List: $199, 95 

| OUT THEY Go! 
$6999 

item P4943.9656 сун. $5.00 ea. 


Detectors not sold ^ Highway/ 3 LEDs for 4 EASY PAYMENTS 51875 


in VA or DC City Switch Power/Signal/City 


COMB, = 
AUTHORIZED LIQUIDATOR "= 


Send Cash Orders to: 720 Anderson Ave. St. Cloud, MN 56395 
Add 6.50% sales tax for MN deliveries; 8.25% for TN 


24 Hours a Day, 7 Days a Week! 


1-800-328-0609 


Slate item/segment number 
when placing your order 


РР Segment # 4323879 


POPULAR SCIENCE FEBRUARY 1993 © 101 


bis ami md iac amma аа анан аша 


Price BREAKTHROUGH! 


Shoppers' Showcase 


A selection of products and services for PoPULAR SCIENCE readers advertising rates for this section, write or call Diane Pahl, Direct 
are available directly by mail. Enjoy the fun and convenience of mail Response Manager, PoPuLAR SciENCE, 1000 Town Center, Suite 
order shopping. Please order directly from the advertiser. For 1830, Southfield, MI 48075; (313) 350-3800; fax # (313) 350-3557. 


Á -e DPuo ааа — EUR T t a —À —— M — 2 EG — —————— OF а: 


B 
needed 
® Reliable 

| - TM е Quiet 


* Call or Write: Lehmans, Box 41, Dept.1GCC 
Kidron, OH , 44636-0041 (216/857-5441) 


e Ra ی‎ E = ERE 


WOOD HEAT] F GEobEsic a N 
ا‎ WOOD FURNACES | DOMES im (BERRY d 


e Dome Home Kits. ж [ MN D LJ. 

e Finest materials, precut, ready to assemble, 1100-4600 sq. 

e Send $15 for beautiful, 100 pp. color catalog, floor plans, 
accessories & prices. Moneyback Guarantee. 

н GeoDomes WoopWonks i 
6876 Indiana Ave. Dept. A-2, Box 4141, Arlington, CA 92514 e Tel. 714-354-2489 


+ HEAT YOUR ENTIRE HOME 
t Call 1-218-326-6786 or Write 


Charmas ter^ 


2307 С HWY 2 W. 
GRAND RAPIDS, MN 55744 


=. SEGT-15 Inflatable Boat | 
get Holds 5 adults * 15 HP 
| уе 11' 8" long 


а 


The Back Machine 
and Stretches Your: 
Right in Your Own f 
A Conservative а 
Therapy, 

Comprehensively Applied 
The Back Machine combines the 
most effective ways to attain relief 


| from back and neck риш опе 
easy to use, safe unit designed to 


ай 
a 


for a boat? Our Sea Eagle GT-15 inflatable 
boat doesn't need a trailer, goes safely over 
20 mph and costs far less to buy or use. 
Call or write for FREE BROCHURE: 


: Monday-Frid 
1-800-852-0925 9AM-SPM EST 
SER EAGLE > 
200 Wilson Street, Dept. PS-23B 
Port Jefferson Station, NY 11776 


[SUBSCRIPTION SERVICE | 


help you return to a more normal, | 

pain free life. And it feels good, even | لا‎ New а Renewal | 
. if you hurt. [ ] Change of address | 

How The Back Machine Works: | [11 YR. $13.94 [1 2 YRS. $24.97 


* Massage — Soft rollers massage muscles, 
increasing circulation, reducing muscle 
spasm, tension and stress. 


e Stretching — Muscles are passivel 
stretched, increasing flexibility and reduc- 


| Foreign orders add $8.00 per year; Canadian orders 
| add $7.00 per year for postage and GST. 
О Payment enclosed О Bill me later 


| LPT TP TT | 


2525 West Casino Road 


Ow 3 
| 
| Everett, WA. 98204 
1-800-433-5 599 1-800-433-5599 | 
| | ! 61991 Back Technologies Inc. Dept 228 


————————— a -—— n — ت س‎ шш к= ل‎ 


Mail to: POPULAR SCIENCE | 
P.O. Box 5096 | 


| 
| 
| 
| Harlan, IA 51593-2596 | 


ing pain. | : - : | 
e Traction — Mild traction restores spine : F 5 چ‎ : 
length and pliability, relieving disc pressure. | : 5 ф : $ : | 
* Mobilization — Restoration of movement : 5 FE: Е : 
occurs and promotes alignment of the spine. | : ri: E: : | 
Five Years of Clinical Use | : E = P : _ б | 
Tested for over five years by ы ОЁ E 3 E. z 
doctors, physical thérapists, and Е орь; & = | 
chiropractors, The Back Machine has been > 95522 t 2 
proven safe, effective, and t 28 E T; Ww y 
comfortable. iod ; | | : - $ 3 g : = | 
60-Day Home Trial Bau E ||: 5299 Э : | 
We're so confident you'll pa EE ||] : $ E 5 2 | | 
experience relief from _ ШЧ =f} ¥ESbiwanttoretievemybackpain. |i 222] | | 
es pt Lx | Please send me а FREE brochure and Video. a з 5 бо | 
pain that we а ] m П Zr 8 соё i 7 
offer The Back N l Nadie VHS OBETA — ||} 825628 | и 
Machine with an Wi my |$ : > : »| B 
unconditional 60- 5 c ress TE : 2 ol S 
ay money bac. Ж ity : Е i 5 secbacdeeusenesestanbesnene:4 
guarantee. | State | | Zip Occasionally we make our mauling list available to reputable 
FREE BROCHURE | Meme Ip +х== ннн 
AND VIDEO ' | | 
| 
| 
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Yes, it s really possible by making and 

selling bright colorful Badge-A-Minit 

buttons. Buttons are proven 

money-makers at fairs, flea mar- 

Kets, conventions, or anywhere 

people congregate. They re 

fast and easy їо make with 

Badge-A-Minit and inexpensive! 

Send for a FREE Full color 

catalog or send for a 

Starter Kit, only $29.95 

plus $2.95 shipping (IL 

residents add $1.87 lax) > 
Badge-A-Minit, Dept.PS293, 348 North 30th Rd., Box 800, 
LaSalle, IL 61301, Phone 800-223-4103 


Make and Sell Your 
Own Ornamental 

| Concrete Items! 
Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 


secrets from the world's 
largest mold manufacturer. 


P.O. Box S99, Hickory, NC 28603 


TELESCOPES? WHY PAY MORE FÜR LESS? 


8" Astronomical Telescope Complete. 
Ready-to-use. Only $275. Other sizes 
available. Send for free 34-page packet & 
telescope tester. 


COULTER OPTICAL, INC. Р.О. Box К, Dept. P.S. 
Idyllwild, СА 92349 Phone (714) 659-4621 


Unlimited Backgrounds” 


From Standard Records & CD's with the} 
Thompson Vocal Eliminator™ Call | 
Catalog & Demo Record. 


Phone: rg Bataan nfs Ext 60 .. 


|, "B um EM EE EE шш ED иш шш шш ыш эш иш иш иш ин ш 


Ail- Hydraulic rà 
MAGNATRAC, : 


No Belts ... ALL-HYDRAULIC DRIVE! - 


Use for excavating, clearing, f 
landscaping, gardening, |l 
logging...or work for Ё 
others for Extra CASH! Ё 


y eCATALOG ....... $1.50 р 
TS г @VIDEO - New .. $9.50 ү 

eTechnical Manual.. $8.50 J 
STRUCK-KIT • Вох 307 • Dept: PS23 d 


CEDARBURG, WISCONSIN 53012 г 
ша --—— ша шш тш m ши 


HISTORIC 

NON-FIRING MODEL GUNS. 
Û sate! Full size. Zinc Zinc alloy Reals Realistic. | 

J| Over 30 parts. Can 

real ammo. Assembled. FREE. Catalog. 


jus M1911 
45 AUTO. 


Card Orders: 
1-800-544-3456 Ext. 515 
Toll Free 24 Hrs. 
mm mm шш шиш шыш иш шиш иш шш шш шш 


ETT: IDENTIFIER device * dis plays valles Dh SÉ number 


befare you answer with date & time af call...549.95 


FOR CATALOG SEND $5.00 TO... 


РО. Box 337, Buffalo, МҮ 14226 (716) 691-3476 


3670-12 WEST OCEANSIDE RD, 


ELIMINATES ALL VIDEO COPYGUARDS 
While watching rental movies, you will notice annoying peri- 
odic color darkenin unwanted lines, Cr Lagi 


раа» The DIGITAL V VID STABILIZER: RX2 


pletely ELIMINATES ALL COPY PROTECTIONS and ja 
ming signals and brings you crystal clear pictures. 
1 year warranty.. 
30 Day Money Back Guarantee. 


. 1-800-445-9285 
FREE 20 Page Catalog Call M-F: 9-6 est. 
ZENTEK CORP., Dept CPS023 
NSIDE, NY 11572 


LOWEST PRICES GUARANTEED! 


Panasonic, Jerrold, Pioneer, Scientific Atlanta) 


gag pact sary tors Sal 
Guarantee 
Call bil Free Mon-Fri 9-6 EST 


us 900-772-6244 
Cable TV Inc, Dept KPS023 
4100 N. Powerline Rd. Bldg. F-4, Pompano Beach, FL 


! Be The Boss 
lof a Locksmith Business 


Get Started now. FREE en 


Lifetime Security Kit tells gf 
how to make an extremely VÀ 
good income. Send coupon 
to: 
Foley-Belsaw Company / 
Dept. 12257, 6301 Equitable Rd. 
Kansas City, MO 64120-1395 
į Name 
Address 
City State ___ 


Since 1926 
SSS 


Zip 


OWN А MACHINE SHOP 


Do your own machining and shop work with a 
smithy 3-in-1 Lathe * Mill • Drill 


FIX IT YOURSELF! 
é Easy to use! 


save Money! 
Save Time! 


є/ As low as $995 


For FREE Fact 
. Call: 
1-800-345-6342 
(Ask for operator PS ) 


or write: 
amithy Dept. PS 
Lathe • Mill « Drill 
3023 E. 2nd Street | 
The Dalles, OR 97058 | 


High-tach way to keep 

your pet in your yard! 

ets him move about your 
property. Uses under- 
ground wiring that you 
can't see! transmitter, 
receiver/-collar, 500' of 
insulated boundary wire, 
Пот 8665 and more. 
Item $5099 


Sale Wwe 


- 
Е NL 


| ey me 

| Security with Alarm 
| Guards area up to 100' away. | 
| Indoor-outdoor motion 

| detector activates an 85 
decibel alarm. Just plug it 
| into your wall outlet, naeds no | 
| wiring. A/B code switches. 
FCC certified. Batteries not | 
| included. 6' cord. . _ 
ltem# 3581 saje *56° 


TV, Appliances, 
and More from 
Your Vehicle 
Inverts 12V DC to 115V 
AC power. Lets you use 
power tools and appliances 
anywhere you drivel 

200 Watts max. 140 
continuous Watts. 

ltam# ВВЭР 


Sale “ 


[WIRELESS 
Driveway Monitor™ 


| Sensor detects heat and 
motion within 50' and sends 
a radio signal up to 300' to 
receiver in your home. Uses 
a 9V sensor, 110V receiver, 
110% outlet. 9V battery 
not included. ey 33168 


$4 
Sale | 


Motion-Sensing Solar 
Security Light with 
Remote Solar Panel 
Solar powered flood light 
monitors movement up 

{ to 65 away. 15' cord. 

| Automatic temperature 
and light control. Bulbs 

are INCLUDED. 
} Items 33227 


69' 


Solar Security Light 


| Up to 12 hours of nighttime | Generator 
light on 6 hours of daylight | в HP Tecumseh 


engine has cast iron 
sleeve. Two 120V 
andtwo240 V 


You can position solar panel 
12’ away. With 4 bulbs and 
21" post. Нет 33432 


wr adf 
Fala # | 
uiu Й 


5.5 НР ОНУ. BIG cleaning 
power! Blasts 3 СРМ at 
up to 140°. Low oll shutoff, i 
Triplex plunger pump. 30° 4 A 
hose, gun. Items 157148 14 

5 — Al (99 a] 


. Е чы 


Shipping. not included. 


[ocn recae FN | 
i | 
] | 
| і 
І і 
| Мате i 
| Address | | 
| city State — Zip | 

Key #26417 SEND TO: NORTHERN, ! 


P.O. Box 1218, Burnsville, MN 55337-0219 
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You Can Save Up To 50% On Home Heating Cost 


And never have to buy fuel, wood, oil, gas, kerosene ever again. 
| SEASONAL — AVAILABLE NOW 


REPLACE OLD & INEFFICIENT HEAT 


Hydro-Sil is a unique zone heating sys- 
tem that can save you hundreds of 
dollars in home heating costs. 

It canreplace your electric heat, oil or 
gas furnace. Your kerosene heaters 
and woodstoves. 


Your benefits with Hydro-Sil 
| e Slash Heating Cost - Up to 50% 
| e Lifetime Warranty - no service calls 
e Safe for children & furniture 
e Clean - no fumes - no smoke 
e ULL. Listed 
e Preassembled - ready to use 
e No furnaces - ducts - chimney 
e Portable (110V) or permanent (220V) 
e Whole House гыс or Single Room 
e Room by Room Con 


Hydro-Sil works like this: inside the 
heater case is a sealed copper tube 
filled with a harmless silicone fluid that 
will never spill, leak, boil or freeze. It's 
permanent. You'll never run out. Run- 
ning through the liquid is a hydroelec- 
tric element that, when the thermo- 
stat is turned on, quickly warms the 
liquid. The silicone liquid with its heat 
retention qualities continues to heat 
after the Hydro element shuts off, say- 
ing. you money, The heat radiating 
from the tube is directed into a gentle 
convection flow that delivers warm, 
comfortable heat into the room. It's 
just that simple. The principle is the 
same as hot water heating and pro- 
vides the same comfortable benefits. 


Credit Orders-Toll Free 1-800-627-9276 (M/C-VISA) 
Or Mall To: Hydro-Sil 
PO Box 662, Fort Mill, SC 29715 


é UY 


Name 
Address 


Phone 


шл ЖН ЖН 
Learn Tool 
Sharpening for Profit 
Get Started now. FREE и“ 
Lifetime Security Kit 
tells how to make anex- 4 
tremely good income. м 
Send coupon to: | 
| Foley-Belsaw Company “ 
Dept. 21176, 6301 Equitable Rd. 
Kansas City, MO 64120-1395 
Name 
Address 
City 


State — 
Since 1926 


Zip 


+ + 4x kx PRESENTING 4 4с 4 4 


DESCRAMBLERS 
+e STARRING 4 9 9с 4 
JERROLD, HAMLIN, ОАК 


AND OTHER FAMOUS MANUFACTURERS 


е FINEST WARRANTY PROGRAM AVAILABLE 

= LOWEST RETAIL WHOLESALE PRICES IN US. 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HRS. 
e ALL MAJOR CREDIT CARDS ACCEPTED 


ode im +000-245-0027 


ORDERS & INFORMATION 


PACIFIC CABLE CO., INC. 
73252 Reseda Blvd.. Dept. 1471 


Reseda. CA 91335 
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Acct No. 


TWO MODELS TO CHOOSE FROM: 
PORTABLE 110 V or PERMANENT 220 V 
220 Volt 
ENT 
LI sm 


шй — 
5 1250 манѕ | 20sa.ft | $199 | | 
4 1000 watts | 175sa.ft | $79 | | 
3 LU SQ 


Discount 


Approx. Ar Area 
Price 


300 sq. ft 


29 | 


De 


_ Т 
L $49 |]. _ 


6 1500 wats | 20sqf. | 339 [| — 
4 1000 watts | 175sq.ft | $179 | | | 
3750wats | 150sqft | $169 | — 
2 роо Wott Ый — — S | — 
= à N.C. add sales tax 

$15.00 shipping per heater 

Total Amount 


45 Ways to Help You 
Qualify for the Job You Want 


Free Facts about Career 
Diplomas and Degrees 


Now at home in your spare ye 
time, without any previous | 
experience, you can train for | | 
a money-making career l4 
„even get a Specialized S __ ! 
Associate Degree. Call ог" ; — 
send for free information on the career г field that 
interests you most and how to train for it. 


CALL ANYTIME—2?4 hours a day, 7 days a week. 
OR MAIL COUPON TODAY! 
International Correspondence Schools 
| Dept. APCS13S, 925 Oak Street, Scranton, PA 18515 | 
і Send free facts on how | can study at home for the career | have j 
et No En M: No salesman will EC os One Box Only! 
ASSOCIATE IN SPECIALIZED 


TECHNOLOGY DEGREE PROGRAMS | 


| адме ESS DEGREE PROGRAM C Civi Engineering Technol 
usiness ent ivil Engineering Technology 
O Accounting — О Mechanical Engineering Д 
C Bus. Mgmt.—Finance Option T | 
O Bus. Mgmt.—Marketing Option O Electrical Engineering Technology 
| Ci Applied Computer Science L Electronics Technology | 
і CAREER DIPLOMA PROGRAMS | 
O High School O Hotel/Restaurant rant Management 
E vs isa Map H il pes Cooking i 
urveying ping omputer Programming 
O Drafting O Personal Computer Specialist | 
O Air Conditioning & Refrigeration C E E Bookkeeping 
m нүн, Conservation C PC Re 1 
O Pol [] Desktop I Punishing & Design 
[m Diesel recle Г] Fitness 1 
O Electrician r1 NCAT Repair 
O Small Business Management [Г] Sica aed l 
| a O Gun Repair Care Specialist 
Г] Electronics таео Story Writing Û | 
C Bookkeeping Г] Interior Decorating 
C Child Day Care — C Florist i 
C Medical/Dental Office Assistant [1 Secretary b. 
m | Assistant C Teacher Aide 
LJ | O Medical Transcriptionist Е 
O Motorcycle Repair Г] Real Estate Appraiser | 
Nam —— 1 à 1 Ae | 
Address Apt. # zi | 
City/State Zip Е 


p Phone ( ) 


tj; 
/ 


n 


j ыва Ee 
" Li MIL ILE 


à 
Tu 
1 | 


his magazine, along with the 
Tw eleven publications of 
Times Mirror Magazines, 
wishes to commend the following 
public-spirited advertisers for their 
participation in the Partnership for 
Environmental Education program, 
which was created by Times Mirror 
Magazines to encourage and attract 
the most qualified young men and 
women to the highest levels of the 
study of environmental problems and 
their possible solutions. 


CHEVROLET 


KEMP COMPOSTUMBLER 
.KMART 
MUTUAL OF OMAHA | 
REEBOK 
TOYOTA 
TROY-BILT 
U.S. STEEL 
WAL-MART 


By supporting this conservation initiative, 
these advertisers have themselves become part 
of the solution. They deserve your applause. 


Partnership for Environmental 
Education Program 


WY Times Mirror 


hd Magazines 


APPLIED PHYSICS 


BE A _ 
LOCKSMITH 


EARM WHILE TOU LEARN— SEND FOR FREE BOOK 
Big opportunas Big pronis сат амону. Full ог part tima. Learn al 
easy. Do ê you learn. All Tools—Materials Sup- 


home, it 
by NJ of Education. "Send name and address lor 


EE book No salesman will c 


FOR YOUR PHYSIQUE 


NordicFlex Gold™ advances the science of 
strength training. A truly revolutionary workout. 
You'll be amazed at what our physics can do for 


your physique. 


Get results 70% faster than ordinary systems. 
NordicFlex Gold quickly and easily works 
your muscles to fatigue for maximum results. 
[n fact, research proves its patented isokinetic | 
resistance builds lean muscle 70% faster than 
rubber band systems or free weights. 


Craft Projector is Simple! Fast Accurate! 


Adhustable lens enlarges by fractions up to 27 / times * 4 N › ы 17 

the sze you wish! Copy unlimited ideas for'craft designs. * \ 
Enlarge pattems, designs, portraits, stil lifes, landscapes, | P 
photos, slides, designs оп cons and jewelry. Projects in 
exact colors. Does not damage orginal. Simple instruc- 
tions. Uses household current and 60 watt bulb. Send 
$19.95 plus $4.95 shipping. 30 day money back guarantee. ~ 
Norton, Dept. СТ-807, Box 2012, New Rochelle, NY 10802 


NordicFlex Gold makes free weights obsolete. 
The кусын isokinetic resistance — 
s “н... . mechanism automatically adjusts to the — j 
с of force you apply, making awkward iron weights and rubber | 
| bands obsolete. You spend 40% less time adjusting resistance 
| and get a maximum workout in minimum time. 


NORDIC i 


"20 ft CA AFTER, 129 HIGH DO IT ALL YOURSELF 
Cut your cwn plywood connector. 
nbs ond panas, ond Gud This 
Бекш! dome in kesi thon 
2 wks for S50 

Usa for Garage, Workshop or make 
into Guesthouse. Select larger size 
and buid a Dome Home 
Fer d pagê Іпат Ног book 
send $7 to 
KEY DOME, Dept. PS8307 
МА aa a a td an E - d RO. Box 430253. Мути H 33143 
OM 15 UF TO ЫП DOMES eerie  „ РН. 305 665 I5 


Plus, the NordicFlex World Class" Edition offers 
additional features to enhance your workout 
including the electronic performance monitor. 


FREE Video and Brochure 
Call 1-800-445-2360 Ext. 18KB3 


Forwrite: NordicTrack, Dept.18KB3 7 

“mapie l 104 Peavey Road, Chaska, MN 55318 

TERT e» | U Send me а free brochure O Also a free VHS videotape 
p in-home trial ; Name 

Best of all...it's from NordicTrack! | Street 


© 1993 NordicTrack, Inc., ACML Company * | | City —— ЕНЕ. 
All rights reserved. i Phone ( ) 


ано Ow | ] Small Engine 


| Bad Video Tapes... Cot Started now FREE 


Lifetime Security a ans 
tells how to make an ` 
extremely good income. г 


FREE CATALOG! 1-800-648-7938 
JERROLD HAMLIN OAK ETC 


CABLE TV ا‎ 


D | траге our Low Retai 
Prices! « è y Moss Prices & Meli 
e Orders Shipped Immediately! VISA/MC OK! 


REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd #15, Dept. 532 Las Vegas, NV 89109 
For all other in AO (702 pa 026 


 Á—— — E 


ù Send coupon to: 
M Foley-Belsaw Company 
Dept. 52218 6301 Equitable Rd. 
. Restores Picture Quality Kansas City, MO 64120-1395 
| * Eliminates All Distortion Caused By Name 
| Copyguard Protection Address 
City — ^ ^ $$ State — - Zip 


| Comes In Super VHS Or Regular VHS 
| e Works With ALL TVs, VCRs, and 


Monitors a | 
Es ClearImage" _ 55.95 


Since 1926 — 
mia ~~ 


WARNING! 


i dy U.S. Surplus Rotary files Wholesale. 
14. tools with cutting edges from 1/4 to 1", 
сае File, rout, mill, carve metal or 


e Easy To Hook Up 
* No Batteries Needed, AC 


od. G.I. packs. 32 tool set $24. 14 tool 


aF-V81 + bi $14. Both sets, 46 tools, value $421, 


Adaptor Included О now $30. 
Video Stealth’ $8595, -3 Year Waran, | | MESS nn 
. = Risk-Free Guarantee! | BLDG. 545 - BROWNSBORO, TEXAS 75756 


1 800 624- 1150 "RECYCLING 


WARNING: Use of stabilizers to duplicate 
copyrighted video tapes may be against 


IT ALL AWAY: 


875 S. 72nd ST. Dept.V293 : : ОМ АТТ 
Omaha. NE 68114 certain federal and state copyright laws. 1-800 Do 
| И =. F Ad 
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Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


201 Wood Stripper Many traditional strip- 
pers contain dangerous or flammable chem- 
icals. Woodfinisher's Pride is nonpoisonous, 
nonflammable, and will remove several lay- 
ers of coating in 30 minutes. To get the facts 
on this unique new product, call 1-800- 
45PHIDE. The brochure is free. 


202 Window and Patio Door Fact Book A 
full-color booklet from Andersen Windows 
provides information on creating custom 
combinations and patio doors, energy facts, 
planning a project, choosing a contractor, 
and basic size charts. It's a complete re- 
source on windows and patio doors. Free 


203 Stereo Equipment Cambridge Sound- 
works' catalog has specials on systems and 
components from Philips, Pioneer, Denon, 
and Cambridge Soundworks—including 
complete Dolby Surround systems starting 


-at only $999. Free 


204 Hobbyist Catalog Edmund Scientific's 
112-page catalog contains more than 3,200 
products for the hobbyist, gadgeteer, and 
educator. It features telescopes, weather in- 
struments, fiber optics, magnifiers, high-tech 
science toys, plus many items for science- 
fair projects. Free 


205 Colorado Tourism Ski Colorado and 
see for yourself why Colorado is considered 
the best there is. Circle number 1005 for 


. your Colorado vacation kit. Free 


206 Weather Stations Davis Instruments 
manufactures the world's smallest, most af- 
fordable weather stations. Different models 
measure wind chill, speed, direction, and 
more. Free 


207 Tips for Your Home If you're too 
cramped for comfort, the "Need More 
Space" brochure explains how to renovate 
an existing space or add a room. Certain- 
Teed Corp. Free 


ADVERTISEMENT 


Product Information 


208 Window Ideas A brochure from Marvin 
Windows illustrates with photos and render- 
ings how window sizes and styles can im- 
prove your home's appearance. Energy and 
maintenance information is included. Free 


209 Fireplace Products Looking for quality 
fireplaces that combine energy efficiency 
and aesthetics? Send for Heat-N-Glo's 
brochure on built-in gas or wood-burning 
fireplaces, including see-through, three- and 
four-sided glass fireplaces or the direct-bent 
gas fireplace, available with a remote con- 
trol. Free 


210 Better Earth Stains, Sealers and Ton- 
ers Osmose Wood Preserving announces a 
line of high-performance, acrylic wood 
stains, sealers and toner; a wood cleaner; 
and multipurpose, masonry, and stucco 
sealers formulated and packaged to ad- 
dress clean-air and solid-waste environmen- 
tal issues. Free information 


211 Winter Survival Tool A 16-page 
brochure describes Ariens two-stage Sno- 
Thros and accessories. From the lightweight 
Metro to the big-horsepower professional 
model, two-stage power makes Ariens Sno- 
Thros powerful tools for winter survival. Free 


212 Deck Awning. Use your deck/patio 
more often by installing the retractable Sun- 
setter Awning made by JIL Industries. Easy 
do-it-yourself installation; buy factory direct. 
Send for the operation/installation video, 
fabric samples, and prices. $4.95 


213 Woodworker's Catalog The Wood- 
workers' Store 1992-1993 catalog has more 
than 150 new items, featuring 100 full-color 
pages of domestic and exotic hardwoods, 
veneers, wood parts, specialty hardware, 
kitchen accessories, finishing supplies, 
tools, books, and plans. Many exclusive 
items are hard-to-find specialties. Orders 
are B. m in 24 to 48 hours. $2.00 


214 Tips on Wood Finishing Minwax offers 
a 30-page booklet with time-saving tips and 
easy how-to instructions. It has details on 
beautifying and protecting new wood, plus 


. restoration techniques for old wood. Free 


215 Safety Gear Safety Mates personal pro- 
tective gear is a new line of ergonomic sup- 
ports for do-it-yourselfers and professional 
contractors. Safety Mates include back, 
wrist, tennis-elbow supports, and anti-vibra- 
tion gloves.The Safety Mates provide sup- 
port and comfort while working. Free 


216 Workout Equipment Nordic Sport 
cross-country ski and rowing simulators 
bring world-class engineering and state-of- 
the-art graphite composite together for a 
workout that exhilarates the body and cap- 
tures the senses. For more information, call 
1-800-445-2231 extension 66TD2 


217 Gutter Alternative A two-color 
brochure from Rainhandler provides infor- 
mation on its patented alternative to gutters. 
It gently disperses the rain from the roof of 
your house without downspouts. There is no 
clogging, cleaning, and trenching. Free 


218 Dome Homes Since 1969, Timberline 
Geodesics has been providing affordable 


easy-to-assemble dome homes. Mail in the : 


coupon below or call 1-800-DOME-HOME 
for their brochure. Free 


219 Safer Handguns Glock pistols are set- 
ting new standards for handgun simplicity, 
reliability, and safety. Send for the Glock 
semiautomatic, safe-action pistols and ac- 
cessories catalog and receive "The Basic 
Rules of Firearm Safety" booklet. Free 


220 Acuvue Disposable Contact Lenses 


The first lens you never have to clean may 
just be the most comfortable lens you've ev- 
er worn. For a trial-pair certificate call 1-800- 
652-5353 extension 25. Free 


companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling 
fee. For your safety, please do not send cash. 


POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 

Note: POPULAR SCIENCE New Jersey address is for Product Information only. 

Please send the items checked below. | am enclosing $1 handling charge (any num- 
ber of items per coupon) plus amount required for priced items. Orders will not be 
processed unless accompanied by the $1 handling fee. Do not send cash. 


POPULAR SCIENCE FEBRUARY 1993. 


I AM ENCLOSING 


[] 201 Г] 205 [] 209 O 213 $2.00 O 217 $ —— for priced items 

[] 203 [] 207 Ш 21 1 215 [] 219 $ TOTAL REMITTANCE 
[] 204 [] 208 [] 212 $4.95 Г) 216 [] 220 | 

Name (please print) 

Address City & State Zip 


РІ а сһеск der made out to Ро Sc 
ease send check or money order made ou PULAR SCIENCE. THIS COUPON EXPIRES APRIL 30,1993. 
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X SAVE Oi TU COSTS 
ty efor all MOTOR VEHICLES 

у & AMAZING PLANS for 
EASILY BUILT DEVICE 
_ ONLY $1 0 


“Send ees or aches азери in us funds). ЗЕ 


DISTRIBUTION 


O.Box 29001 s 5 ,RPO,Hfx,N.5., Canada, B3L 478 


IETEORITES! 

uy * Sell - Trade 
OBERT A. HAAG METEORITES 
nd $5.00 for your 64 page, full-color. brand-NEW 


‘id Guide of Meteorites. Cost refundable with 
it purchase. Authentiaty 100% guaranteed 


| T UPC 
J.B. 2/527, Tucson. AZ USA 85726 


CABLE TV "BOXES" 
WHOLESALE PRICES! 
CONVERTERS e DESCRAMBLERS 

REMOTE CONTROLS e 
ACCESSORIES 
FROM $9.95!! 
CALL NOW!! 


—GUARANTEED BEST PRICES— 
—BEST WARRANTIES— 
—IMMEDIATE SHIPPING— 
—GUARANTEED STOCK— 
—COD 5— 


LAKE SYLVAN 
SALES, INC. 


SORRY NO MINNESOTA SALES 


CALL FOR A CATALOG NOW!! 


800-800-4582 


SAVE! SAVE! 


CABLE TV — 
DESCRAMBLERS 


JERROLD • OAK • HAMLIN • ZENITH 


PIONEER SCIENTIFIC ATLANTA 
READY-TO -SHIP! 


5 MONTH WARRANTY! ABSOLUTELY 
JWEST WHOLESALE / RETAIL PRICES! 


MASTER CARD - VISA - AMEX - C.O.D. 
FREE COLOR CATALOG! 


1 (800) 950-9145 


1470 OLD COUNTRY ROAD, SUITE 315-PS 
PLAINVIEW, NY 11803 
| NO NY SALES 


ЖОТА Classif 


‘CABLE TV: 
[1-800-835-2330 


| By purchasing cabe qai prend form Multi- Vision Electronics the purchase agrees Agrees vo comply with їтїк & derd laa reg шгып 
B cane TV equipment, Lf you are anmore of hene [ges check with your local officials. 


Descramblers 


The in 
Cable TV Eqil їрп ment! 
e Money Back Guarantee  JerroldePioneere Starcom 
* Quantity Discounts Tocom*eOak*Hamlin 
* All Makes & Models —  zenitheEagleeScientific Atlanta 
* Customer Satisfaction EE | 


EXPRESS 


rper 


Mastercard 


DESCRAMBLERS 
**"VIDEO STABILIZERS AVAILABLE*** 

Multi-Vision Electronics 2730 So. 123rd Ct. Ste. 4126 Omaha. 

BEST BUYS 

BEST SERVICE 

STARTS WITH A bk 


FREE CATALOG [E 


NE 68144 


1-800-327-8544 


g ретге ow horas of 
Tech. Line (402) 331-3228 


"COVEHR-IT"" 
INSTANT GARAGES 
ALL WEATHER ыыы en 


18x20x8 999 
Ж Reminscent Restorafions Е 
208 Farnsworth Ad 


EASY PLANHS $15.00 Waterville. OH 43566 


STARTING $1 39 Protection for: Cars, Trucks, 
Boals, AV's, ergy erg 
Paint MESE Docks, Pools, Govt & 
industrial Contracts, Sand Blasting, 
Temporary Shelters, Walkways, Hot T | 
HEAVY DUTY Steel Frame. Durable Du t Cover un 
Zipper Door, Sizes available to 60' wide, 30 high, 100 0 
long. Withstands Wind, Sun, Sap & Snow. 100% Water fl 
Proof, Assemblies and Anchors Easily. No permit) 
required. Covers last up to 20 years. 
Ѕнррер To Yous Dooa! Deavens aso Exeoarens МЕ СМЕ! 


Di5c гсац 11800) 932-9344) Ext. 
== AMEX Ow 1(203) 581-8801 227 
4 1(203) 735-0556 


The Most Complete Line of 
scramblers 


Enendiy,, Professional ORDER 


ervice 
FREE CATALOG 


— -— Setofá'Blueprints! — 
suitable for framing or model building . 
Simulated ink on Parchment: USS MONITOR or CSS Virgina 
{Merrimack} on 187X247 @ $30.00 or 24-K36" @ $75.00 plus 
$4.00 shipping & handling. Texas residents please aula Ba sales дат. 
Send Order To: H. SMITH, Publisher, 
5114 Balcones Woods Dr., Suite 307-322, 
AUSTIN, TX 78759 or Phone 1-800-800-9145 
(VISA & MASTERCARD WILL BE ACCEPTED.) 


NOW ı 


9 COMPUTER ERASE 


L N Е T A. N T L Y | 
Add tens of years of AAA credit in your credit file 


oe 100% Legal BFREE DETAILS: 
13950 Ventura Blud. Suite 272 


d Sberman Oaks, CA 91423 


EK ELECTRONICS 


` 3250 Hatch Road 
Cedarpark TX 78613 


ied Opportunity Mart 


BAD CREDIT FREE | 


Gold (P$) i | 


CORVAIR 


Hot Rod, Buggy, or Stock. We stock OVER 
8000 parts in our GIANT 400 page illus- 
trated catalog: Rushed - $5.00 

CLARK'S CORVAIR PARTS, INC. 
Rt. 2, Box PS, Shelburne, Ma. 01370 


MOLD PLASTIC at home 


Astonishing results with simple tools !!! 
MOLD Protective Ports for Cars, Cars, Marketing Displays. 
Store Accessorias, Vending Machines and more ... 


4 High Profit Opportunity = Clear Instructions with Plans 


Vacuum Forming and Welding Techniques [| | — ^ 
Production Trade Secrets Never Revealed Belore.. ^ e )| 
ime BOOKLET, PLANS and FREE гени SAMPLES a” 
= With Reusable Heat Тетріс 0 
Only $ 19.55 + $4 for SAH А ote 
Matrex GROUP ‚Р.О Box 45 
Canada, 9A 5H5 Phone/Fax ( E 


2, Trois Riera Qc, 
BIS P &833- 7776 


Our tr ied and true product will lif ft sta ains 
Such às grease, dogfood 
chocolate, spaghetti а 
Sauce, ett, from carpets. | 
and fabrics regardless 
of age. Guaranteed to work 
Send $14.95 +5/Н $5.00) iqt 


Oxford Chemical and Stain Research 
Box 31. Oxford, MI. 48371. Product #PS3?. 
For VISA/MC orders only, 


call 1-800-362-0919 


X 4 = = m el i = 
| Ed I 
y = A BN ra ше! k Le LM 


You've invented something! 


ът FT. 
P NOL a) Йу Ian t 
rh a FRESE а 


Exhibit ak 


РЧ 
Р. 7 P © ъ FA [X Na L ai 
Й m 2 © [ агас 
Га II VI e | I E | Fir G 
E ш 
ГТ ТТТ OF T h Fa 

1! ў { Jl 


i 
й ГАТА. 
на m a ar 
uw. ГЕТ 
А 


mu 
a j | = 


| Г | rd | г 1 
| k ТА" 


СОМТАСТ: 


| js Inventors Advertising Agen 


37 AM урар AG 
B00-1AA-0871/FAX (412) 288-45: 


| AMAZING SHOVEL EXTENSION HANDLE} 


* reduces bending of back 


| * for snowshoveling or gardening 


• quick installation 


| * adjustable angle positions 


* strong, plated metal 

$9.99 + $5.00 p/h. check /m.o. to: 
ITD Mfg. P.O. Box 244, 

141 Woodbndge Ave, 

Woodbridge, Ontario, Canada ГАТ. IBI 


Canadians apply applicable sales tax 4-6 Wk. Del. | 


BUILD A BIKECAR ыл 


| The Amazing Mini Car You Can 


Build with Bicycle Parts! Y A. gt 
Electric Motor a 

and Pedal 

Pawered! 


[/—] SEND TO: 
BIKECAR CORP. 
f P.O. BOX 785-L 
Daytona Beach, 
FL 32115 


Easy to Build! 
| Fully illustrated & Detailed 


PLANS $12.95 


Salstaction Guaranteed ar Your Mo 


сне C 
P.O. Bo 


-LOWEST PRICES- 
ck Guarantee uprs., 


Money 


Big SALE 


ODEL used in your area when calling 


[5:55:25 1-900-535- ti 
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Classified Opportunity Mart 


Th Best of Popular òctence... on (ШЕЕ 
invention, 


af the - 5 AD'S & ТҮ 


Amazing 


"rer or 


30's, 40's or 90 5. 
> only $12.95 each 
Plus $3.95 shipping per tape 
All three 

only $29.95 


Plus $5.95 shipping 
i, i 


7we 


" 


SHOWER BOW" 


Full-color 35mm shorts 
made by Paramount Studios. 


First time available 
on videocassette. 


Nominated for five 
Academy Awards. 


A nostalgic treasure from 
the silver screens of Hollywood. 


Gall toll-free / days а week 


1-800-848- 3091 


To order bry mail 


send xis money Order, o dar eon aa 
number with exper late tu PÛ. Box 275, 51 

31353- 0275 Make checks daveb ta Best of Popular 5c 
Caldornea residents add 8.25% sales tax 


псе 


Make Every 
Shower a Pleasure 


Pushes the curtain away from you as you shower, 
Gives you the room and comfort you need. 
Send check or money order for $12.95 + $3.00 s/h. 
For credit card orders: 


-800-771-4102 


SHOWER BOW INTERNATIONAL 
4651 5. University Dr., Davie, FL 33328 


5i meme 800- 888-4606 


LAST CHANCE 
AT 92 INVENTORY 
SAVE Up To 40% Build It Yourself 
25x90 35x60 40x80 50x120 


Indicate visually and acoustically 


the number of beta or gamma 
particles detected in 1 second. 


Hand held, battery operated. Great 


educational tool. $250.00 Write: 


E. MICROGRAPH 
P.O. Box 4523 
Lincoln, NE 68504 


FREE CATALOG 


a ACE PRODUCTS 
1- 800 - 234- 0726 ^ 


& 
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DEBRIS SHIELD 


US Patent 5,103,531 


Send за асе With Less than $100" in Parts 
for available at a Mower Repair Shop 
Simple, № and a Hardware Store! 
Detailed ; * Parts Kil Available * Easy to Build 
Plans (^ P^ Cap. 200 Ibs. 
$13.95 A! "Or less if you have a gas 
p \ ^ m string trmmer motor! 
M. IDEAS, P.0.Box 16159, 
Dept. Р, Columbus, OH 43216 


REACH YOUR MAIL EASILY 


Easy to adapt 


Here's How Inc. 
Р.О. Box 426 
Aurora, Ore 97002 


Rollout 
Mailbox 
Bracket 


| $25 Plus $3 S&H 


A device used to improve the salety of a handheld circular saw 
* Provides added safety and protection " 
* Provides user with more peace 


of mind when working SAM 1 
æ Eliminates the need to use T Lr 
restrictive goggles Ata Oy 
* Protects the hands as well as the eyes Wt = پخ‎ 
| MID-WEST ENT. ee ae? 


Box 1463, Antioch, TN 37013 Er one 
(615) 449-2377 or (615) 890-1181 $19.95 


NEED A JOB? 


START WITH SPECIALLY DE- 


SIGNED SUBLIMINAL RESUME | 


PAPER. A NEW CONCEPT THAT 
WILL GIVE YOU THE EDGE. 
INCLUDED ARE FACTS ON HOW 
TO WRITE A WINNING RESUME. 
SEND $20.00 + $3.00 S/H FOR 
30 SHEETS TO: 

BAKER T ENTERPRISES 

PHONE 613-930-9745 

106A CUMBERLAND ST. DEPT PS 


A I. 


| BEEMAN ADULT AIRGUNS! Worlds most ac- 


CABLE TV DESCRAMBLERS 
JERROLD, SCIENTIFIC ATLANTA, ZENITH, ТОСОМ, PIONEER, HAMLIN, ETC. - 


We GUARANTEE YOUR COMPLETE SATISFACTION WITH A 
30-Day No-Risk TRIAL PERIOD. 


ж ONE YEAR WARRANTY ON ALL 


PRODUCTS IN WRITING! 
x Buv2 SAVE 10% ON SECOND UNIT. 


x EASY TO INSTALL INSTRUCTION BOOK 
WITH EVERY ORDER. 


ж FRIENDLY. COURTEOUS SERVICE. | 
7914 W. Dodge Rd. 4334, Omaha, NE 68114 


Т 
ELECTRONICS FOR A FREE CATALOG OR QUESTIONS CALL: 


1-800-729-1776 


ALTERNATE ENERGY 


FREE ENERGY! Fuel-Less Motors and Се 
erators! H&A, R2EPS Bowling Green, М 
63334- 9350 


GIANT SOLAR PANELS $44.00! Catalc 
$3.00. PAK RAT ELECTRONICS, P.O.Bd 
690073, Houston, TX 77269. (713) 893-031 


SOLAR SWIMMING POOL HEATERS. Call 
free pool heating guidebook. 1-800-227-7657 


NEW VORTEX TECHNOLOGIES! Power Ge 
eration, propulsion, and levitation. Send $10.0 
for booklet. NEF, P.O.Box 30752, Albuquerqu 
NM 87190. 


NEW! BUILD AMAZING LIQUID PISTON E? 
GINE from pipe fittings. Easy Plans. Free infa 
mation. ABCO, Box 306-52, Seminary, 
39479. 


WILD "HOW-TO" CATALOG!—TECHNOLOG 
SUPPRESSED BY GOVERNMENT 
CORPORATIONS. Send $2. CHRIS, 77 
| BLONDO #2, OMAHA, NE 68134. 


ARTS & CRAFTS 


* DRIVEWAYS 
* SIDEWALKS 
» PARKING LOTS 


ORDER NOW ! 
ANDERSON DESIGN 
P. O. BOX 4057- B 
BELLINGHAM, WA 
98227 


* EFFORT 
PLANS 
$6.95 


Parts available 
VISA / MC 
Satisfaction Guaranteed 


VCR’S REPAIRED 
FOR $89.95 
FIXED PRICE REPAIR 


By far the best way to have your VCR repaired. 
Simply ship or mail your VCR to us. We fix й righi 
and promptly return it to your door by UPS CO.D. 
Price includes all cost*. Fast — Usually in and out of 
our shop in three days. Easy — shipping or mailing is 
simple. No risk or up front money — Less expensive, 
Experienced, At fixed price VCR repair with lots and 


lots of happy customers Йй 
SATISFACTION GUARANTEED Д | “GETTING Started In Stained Glass" $1.0 
or full information or to ship: 


Whittemore, Box 2065X, Hanover, MA 02339 


STAY HOME ASSEMBLING OUR CRAFTS AN 
EARN $400 PER WEEK. CALL: (31 5) 953-871! 


| STAINED GLASS-— Tools, supplies, book: 
more. Catalog $1.00. AmeriGlas-MPS302, Bc 
27668, Omaha, NE 68127-0668. 


BEER & WINEMAKING 


FREE BEERMAKING BOOK Catalog. Fine: 
ingredients, fast service. Make rich beer witha 
additives or preservatives. (800) 852-9545. SP 


VCR SPECIALISTS 
445] Community Road, Ontario, Oregon, 97914 
Call or Fax 503-889-3338 


AIR GUNS 


curate and most powerful, regular, production | 
airguns. Calibers: .177, .20, .22, .25! Largest 
U.S. sales. Unequalled trigger action, durability, | 
ownership pride, quality. Also: pointed, hollow 
point, extra heavy, hi-velocity, and match pellets. 
Request free Catalog C12. Add $3.00 for fast 
mail. Beeman Precision Arms, 3440-C12 Airway 
Dr., Santa Rosa, CA 95403. (707)578-7900 (24 
hours). 


BREWTIME Homebrewing supplies. Lowe: 
| prices, Huge selection, kits available 80K 
292-4473. 


BETTER HEALTH 


WATERWISE PURIFIERS . . . 
tilled. (800) 874-9028. Box 45982, Center Hill, Е 
33514-0459. 


HERBS—YOHIMBINE, PAU D'Arco and other: 
Catalog $1.00 (refundable) Jude Herbs, Bc 
563PS, Huntington Station, NY 11746. 


ALTERNATE ENERGY 


homemade di: 
` FREE HEAT from WASTE OIL 
Smoke and soot tree. Very inexpensive. Tested by EPA in | 


"na. Used тибе. Heat shops and other buildings. 
А Forge, foundry, and other uses. 


{ Send $5.00 (refundable) for de- 
tailed information & order blank 
for plans lor burner, heater unil, 
and loundry furnace. 

Waste Oil Plans, Dept Р, 
Box 1148, Fort Benton, 
MT 59442 


Personalized biological charts. Send $5.00 p« 
monthly chart w/b-date. SASE. PERSONA 
BIORHYTHMS, 11 Bourbon Ct., Baltimore, M 
21234. 


j AVIATION 


SOARING HANDBOOK, LEARN TO FLY SAI 
PLANES. $5.00. CTA PUBLICATIONS, Box 7! 
EARLINGTON, PA 18969. 


250 ELEGANT ECOLOGICAL TECHNOLO- 
GIES! AMAZING CATALOG! Send $2.00. 
REXCO, Box 19250, Jean NV 89019 


FRICTION 
WEDGE 
ENGINE TREATMENT | 


SUPER CONCENTRATED WITH 


DuPONT TEFLON 


PATENTED PROCESS POSITIVELY (4) 
CHARGES TEFLON PARTICLES, FOR 
EVEN INTERNAL COATING! 


ONE-TIME TREATMENT 
GUARANTEED 


10,000 MILES 


OF PROTECTION 
The easiest, most economical way to: 
INCREASE MPG * REDUCE EMISSIONS 
' MORE HORSEPOWER ж EASIER STARTS 
LONGER ENGINE LIFE * LOWER TEMPERATURE 
* QUIET A NOISY ENGINE ж 


‘OR INFO CALL: 1-800-886-8860 
TO ORDER, SEND $24.95 To: 
COMPULINE CORP 
2 CARLTON AVE., Dept. PS 
E. RUTHERFORD, NJ 07073 


ADDRESS 
CITY/ST/ZIP 


PHONE 
о CHECK à MO O Visa Q Master card 


| card £ 


exp. date 


ENGINE KILL SWITCH 


Help Stop auto theft. The Switch cuts off 
he electrical current to your engine starter 


* Hidden switch frustrates thieves 
* Great back-up for existing security 
* Install in minutes, easy to 
understand directions for your 


specific car 
* Security used by leading auto specialist 


SWITCH and complete accessories 
Only $14.95 Check or M.O. 
Specify year and make of engine 

STOP-A-THEFT-SECURITIES 
P.O. Box 1325-PS, Clovis, Ca. 93613 
Ca.residents add 7.5% sales tax 
TOLERATE NO REPLICAS 
SATISFACTION GUARANTEED 
©1992 Stop-A-Thelt Securities 


RUG SEIZED Mercedes, Fords, Porsches, 
ans, Trucks, houses: Seizures, Box 51488-YA, 


ntario, CA 91761. 


OVERNMENT SEIZED Vehicles from $100. 
хоз. Mercedes. Corvettes. Chevys. Surplus. 
uyers Guide. (1) 805 962-8000 Ext. S-20025. 


PUT YOUR PRODUCT 
WHERE THE TRAFFIC IS! 


PUT YOUR MESSAGE HERE. CALL: 


1-800-445-2714 


for rates and information. 


| [RADAR TRAP. 


VAPOR CARBURETOR TRIPLES MPG. Free 
information. H&A, R2PS Bowling Green, MO 
63334-9350 


$225 DAILY "CHROME PLATING" AUTO 
PARTS, MOTORCYCLES, INEXPENSIVE, 
EASY, (FREE) information: Chrome-S, Box 
2285, Waldorf, MD 20604. 


FF AUTOMITE “= 


Easy Å inexpensive to build 
Up to 90 MPG! @Fully 
enclosed, all-weather cab i 


For Shopping! “== 
For Commuting ! 
Far Fun! 3 4 € 
COMPLETE DETAILED PLANS Е 
Only $22.95 MASTERWODKS 
A PO Box 511-A 


l'add $2 postage! Fallston, MD 21047 


Automotive Fuel Hydrogen Generator 


= Cars, Trucks, Semis 
NE FUEL SAVINGS 


DISTRIBUTORS WANTED 


/ 800) 225-9921 


Made in USA Money Back Guarantee 


RADAR JAMME R 


BEAT INSTANT-ON RADAR TR 

А BREAKTHROUGH DEFENSE THAT WILL OUT-SELL RADAR DETECTORS. 
TRANSMIT INTERFERENCE SIGNALS THAT "JAM" INSTANT-ON 
PROVEN DESIGNS GUARANTEED TO WORK. 


Low Cost 


Gavel All for ......525 
or Send $3 for infa. | : 

a Laser сити 
Doppler Controls Lis Now Available 


2021 GUADALUPE e SUITE 100-1 e AUSTIN, TX è TRIOS 


CONVERTIBLE TOPS. Foreign, American, all 
years $135.00, installation, instructions in- 
cluded. Sidney, 617-889-0600 days: 
617-334-4145, evenings. 


4 WHEEL BIKE, 


DRIVES LIKEACAR! * 


e Stable e Street Legal 


e Easy to Pedal УТА м WC cr. 
e Comfortable ^. z^ E rr. 
е |. 2 & 4 Seale: Д Y — 
e Gol! Bag-Cargo Carrier Fiss : 
Literature $3. 1 (615) 822-2737 Ext. 5781. 24һг. 

с C DEPT 5781 è 125 RHOADES LANE 
RHOADES CAR HENOEASONVILLE TN 37075 


аа 
Motor News 


World's largest collector car 


| Over BOO pages each month 
filled with t з of ads 
for old cars, parts, services, 

| supplies, literature & more. 


FLAN ISSUES g 


mn 
ыы == E) 2L — JU —J 


P.O. Box 100, Dept. 508504, Bennington, Vermonr 05201 
Vermont Add 5% Sales Tax. Canada Add 7% Sales Tax 


AUTO SUPPLIES & EQUIPMENT 
ALTERNATOR Generator Rebuilding Book. 
Price: HV Technologies, 7505 Barkentine, Las 
Vegas, NV 89128. 


ишш 
ш om o HELICOPTER! 


Take-off prion gout ی‎ fo quen skies! 
eSimple, low-cost Vh sul 
assembly 
No license needed 
eSeveral helicopter 
kits & plans avail. 


Helicopter Plans . . 
Heli. Experimenter Book . . . 
All New Catalog Kit Info. . . $10. .00 
SPECIAL! All 3 items: Only $19.95 5 


Add $2 pastage. Foreign add $5 U.S, 


we | 
# HELI(PAFT и 


P.O. Box 50-A 
Riderwood, MD 21139 
Credit card order line: 1-410-583-6366 | 


Complete | nfo Package 515 |* Easily Built In One Week 


1/2 Hour Action Video $30 | @ 95 mph Top Speed 
PAL (Exropnen Forman video MB | @ Go Anywhere! 


ЖЕЛСЕ Service or Questions FE VOLUTÍOT Hencopter cor. 


2(816) 792-1011. па 
шш 


Liberty, MO 64068 


P51 Windgage Windspeed and 
direction. Flaps 


/ $10+$2 SAH 
SCS P51 Windgage 
Box 1578 
Riverton, Wy. 82501) | 


` ASTRONAUTICS f 


30 ANTIGRAVITY METHODS! Amazing Cata- 
log: Send $2.00. Rexco, Box 19250, Jean, NV 
89019. 


ATHLETIC EQUIPMENT 


Launch Balloons More Than A City Block 
"BLASTER" 
WATER BALLOON SLINGSHOT 
$12 BP | 21 
1-800-441-1047 # = 
VISA - MC C eei em 


| Blaster, Inc. 13218 Jessica Dr., Spring Hill, FL 34809 | 
Satisfaction Guaranteed • Buy Direct & Save 


[| DO IT YOURSELF 
SPEAKER REPAIRS 


Foam speaker surround 
| replacements from SAT 
will save you hundreds of 
| dollars. All sizes. including 
| AR. ADVENT. BOSE. JBL 
Surrounds, adhesive, 
instructions. $27 95 pair, 
| Do 11 yourself with SAT 
STEPP AUDIO TECHNOLOGIES — 1-800-747-3692 
PO BOX 1088. FLAT ROCK, NC 28731 


VISA/MC 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER _ 


max , 
6 wheel drive ы 


2 and 4 | 
passenger 3B 
models 


(21-years-old and over, Please) 


| Call Toll-Free 1-800-255-2511 


(From anywhere in the U.5. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 
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BOATS, MOTORS & EQUIP. 


BOAT PLANS — PATTERNS — KITS — 
Unsurpassed selection. 168-page DESIGN 
BOOK — $4.00. GLEN-L, 9152 Rosecrans, Box 
1804/PS3, Bellflower, CA 90706. 310/630 6258. 


PRECUT BOAT KITS — PLANS — 
PATTERNS — EPOXY — FIBERGLASS 
—SUPPLIES—250 DESIGNS—6'/70'— 
Powerboats—Sailboats —Hydroplanes — 
Tunnelhulls—Canoes—Kayaks—Dinghies— 
CATALOG— $2.50. BOOK "Amateur 
Boatbuilding"—$6.00. CLARKCRAFT, 16-7 
Aqualane, Tonawanda, NY 14150. 


BOOKS & PUBLICATIONS 
AWESOME SCIENTIFIC DISCOVERIES sup- 


pressed by government/industry. $1 catalog. 
Borderlands, Garberville, CA 95440-0429. 


FRUSTRATED BY AUTO INSURANCE? Learn 
your policy's secrets plus much more. Guaran- 
teed Rush $7.95. Marin Publishing, 309 Holly, 
San Rafael, CA 94903. 


MONEY MANAGEMENT FOR YOUNG 
ADULTS—A PRACTICAL GUIDE TO FINAN- 
CIAL INDEPENDENCE. Charles L. Cetti, JD. A 
lasting gift for someone you really care about. 
152 pages. $18.95 postpaid. Baron Publishing, 
Box 13121-PS, Pensacola, FL 32591. 


NEW! BOOKAZINES. Booklike Focus, Maga- 
zinelike Timeliness. Free Catalog. Box 747, San- 
ta Barbara, CA 93116-0747. 


Free Government Information —Almost 600 
sources! Scientific, Defense, Environ- 
mental, more. Sourcebook $15. Zonta 
Publishing, 1105 Fourth Avenue, Schenec- 
lady, NY 12303. 


PUBLISH YOUR BOOK! Join our successful 
authors. All subjects invited. Publicity, advertis- 
ing, beautiful books. Send for fact-filled booklet 
and free manuscript report. Carlton Press, Dept. 
PSB, 11 West 32 Street, New York 10001. 


Bargain Books 


FREE CATALOG! Save up to 80% n | 
publishers overstocks, remainders, | 
orts, Do-It-Yourself, Science, History | 
olitics, Biography, and more—up to 8,000 
titles each month including 600-1,500 new | 
arrivals. Write: Box 15-838 
| Hamilton Falls village, CT 06031 


BURGLAR—FIRE ALARMS 


BURGLAR ALARMS. Complete Professional 
Systems, $12/month, U.L. Monitoring. A Do-It- 
Yourself Alarm Company. 1-800-USA-1929. 


Ш BUSINESS OPPORTUNITIES 


$1804 MONTHLY! Buy/sell cars (spare-time). 


| Revealing proof! Write: CODEX, 507 Oak Drive, 
| Friendswood, TX 77546. 


| TAKE PICTURES for profit. Camera Ventures, 


Box 771, Lamara, CO 81052. 


PIANO TUNING PAYS: Learn with approved 
home study course, Diploma granted. American 
Tuning School, 17050 Telfer Dr., Morgan Hill, CA 
95037. 


NEED MONEY? Free Grants, Signature Loans, 
Business Loans. Write: Action #7-Y, Box 5499, 
Diamond Bar, CA 91765. 


LET THE GOVERNMENT FINANCE your small 
business. Grants/loans to $500,000. Free re- 
corded message: 707-448-0270. (JG6) 


| HOME Assembly Work Available! Guaranteed 


Easy Money! Free Details! Homework-PS, Box 
520, Danville, NH 03819 


SPARE Time Fortune in Vinyl Repair. Huge de- 
mand. Exceptional profits. Everything supplied. 
Details free. VIP, 2036 Montrose, Chicago 


60618. 
| EARN 60,000 YEARLY | 


Repairing (not replacing) stone damaged wind- | 


shields and plate glass. Learn how a 3 minute 
repair can earn you $1200/week! 


CALL NOW! 1-800-695-6224 | 
JL. NVS/OPTIKLEER, | LYNN, MASS. 01904 a) 
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BUSINESS OPPORTUNITIES 


$225 DAILY "CHROME PLATING" AUTO 
PARTS, MOTORCYCLES, INEXPENSIVE, 
EASY, (FREE) information: Chrome, Box 2285, 
Waldorf, MD 20604. 


DRUG RAID SEIZURES: Dirt cheap! Cars, 
houses, boats, computers. Seizures, Box 51488- 
YD, Ontario, CA 91761. 


$10,000.00 MONTHLY Taking Photographs at 
Home! No Experience. PHOTOPRO, 1611 
Crenshaw #2355, Torrance, CA 90501 (90 sec- 
ond recorded details) (310) 549-0997. 


-CRACK REPAIR 


-OVER A FOOT LONG 
HUGE DEMAND! 


JUST LOOK AROUND YOU 


PATENTE D 
PROCESS 


11151 Pierce Street, Hiverside, CA 92505 


RECORD VIDEOTAPES—At Home. $5,000 
Monthly Possible. No pornography. Free Details. 
Write: CMS Video Company, 210 Lorna Square - 
#1635, Birmingham, AL 35216. 


T-SHIRT PRINTING MACHINES. We manufac- 
ture professional single and multi-color screen 
printing equipment. Inexpensive, Brochures, 
Prices, Information Pack $1.00 (refundable). 
Catco, 12201 NW 35 St, #102-PS, Coral 
Springs, FL 33065. 


GIANT TV 


DON'T BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TV for home or high 
e with lenses and screens utilized by SONY, ZENITH, 
SYLVANIA., and MAGNAVOX! Simple construction! Illus- 
trated information. Profit plan, and complete parts catalog 
$2. . Money back guarantee! Earn $100,000 yearly!!! 


| POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP, PA 18512 


MECHANICALLY inclined individuals desiring 
High Weekly Profits operating Small Manufac- 
turing Business Without Investment write: 
Businesses-P, Box 9008, Baldwin, NY 
11510-9008. 


| REPAIR CRACKED WINDSHIELDS 
Earn $90,000 Yearly Repairing 


- nol 


replacing - 
Large Cracks in Windshields 
CALL 1-800-826-8523 
or write The Glass Mechanix Inc. 
5313 Nob Hill Rd. • Sunrise, FL 33351 


$40,000 ON 1/3 ACRE! New hydroponics - inex- 
pensive, pleasant, practical! Free information. 
Planters, Box 681804, Franklin, TN 37068-1804. 


RECYCLE METALS, NO, NOT BEER CANS! 


Easy $458 weekly! Free information, Hornsby's, | 


Box 681804, Franklin, TN 37068-1804. 


MAKE $15,000 monthly! The Perfect Business. 
No investment. Easy. Free Booklet. MPC, Box 
57, Lenore, ID 83541. Е 


$300.00 РЕН DAY just mailing letters! Details 
50¢ (coin) Moneymakers/S, Box 32368, Palm 
Beach Gardens, FL 33420. 


MILLIONAIRE MAILORDER EXPERT reveals 
moneymaking secrets! Free hour cassette. 
Melvin Powers, North Hollywood, CA 91609. 


$392.00 from sq. ft. plywood. (HUGE DEMAND) 
Revealing proof $1.00 (Refundable). Woodwins- 
PS, POB 859, Bridgewater, MA 02324-0859. 


$2,000 DAILY From your Telephone Answering 
Machine! I've made over $1,000,000 using mine! 
(303) 674-2219. Recorded Details. 


#1 MONEY MAKER Spare Time! No selling! No 
inventory! Publicly documented seven week 
$19,919 income! Free audio cassette and Report 
reveal everything. Real Money, 911-PS Bryant 
Place, Ojai, CA 93023. 


MAKE homemade "how-to/opportunity " book- 
lets. Mine have earned $436,097. Money never 
stops. Free information. Booklets. 507M Oak 
Drive, Friendswood, TX 77546. 
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| business associates. TPCE, Box 4113, 


1993 


COUNTERTOPS: Repair WITHOUT RE- 
PLACEMENT! Quick, easy to $600/day change 
countertop colors WITHOUT REMODELING! 
(206) 256-9742. Write today to RENEW-ALL, 
Box 4506-SS, Vancouver, WA 98662. 


1000'S WEEKLY PROCESSING MAIL. START 
IMMEDIATELY! Postage/Supplies Furnished! 
Free Details. Send #10 Self Addressed 


| Stamped Envelope. SUCCESS, Dept. 2615-PS, 
| 175 5th Avenue, New York, NY 10010. 


r "Great money in VCR re repair! 7 


| Home study. Learn high prot re- 
pairs without invest — 
] tech instruments. FREE B 
: 800-223-4542. 


$27,000 IN BACKYARD—growing new spe- 
cialty plants. Start with $100. Free information. 
Growers, Box 1058-PS, Bellingham, WA 98227. 


RECYCLE! (AMAZING PROFITS MADE) Re- 
conditioning Automobile Batteries! (Free) Infor- 
mation! Battery Outlet, Box 3300PS, Hickory, 
N.C. 28603-3300. 

900.00 WEEKLY Mailorder SECRET Plus Suc- 


cess Package. Free Information. PSI, 17610 
Drummond Drive, Tinley Park, IL 60477-7346. 


LONG-RANGE cordless telephones. Export 
only. Dealers & distributors wanted only. 
1-703-745-2223. 


$1,000 FOR 8 HOURS work. Genuine dealer/ 
installer opportunity in an exploding growth mar- 
ket. Home Automation Systems (714)642-6610 
ext. 500. 


BIG PROFITS FROM MAIL ORDER IN 
RUSSIA—Send $9.95, Kremlin Exchange, Р.О. 


| Box 265K, Brighton, MI 48116. 


HYDRAULIC JACK REPAIR MANUAL AND 


| CATALOG $10.00. HYDRAULIC PARTS 


SUPPLY, BOX 4157, BROWNSVILLE, TX 
78523-4157. 


IMPORT-EXPORT opportunity, GS world- | 


wide, mail order business from home, without 
capital. We ship plan for no risk examination. 


Experience unnecessary. Free Report. | 


Mellinger, Dept. HZ 693, Woodland Hills, CA 
91367. 


$320,000 yearly selling books by mail, recruiting 
Tor- 
rance, CA 90510. 


| retired and earned over ONE MILLION DOL- 
LARS selling part-time with no investment, no 
deliveries, and no collections. INFORMATION 
$4.00. Walt Boyle, Dept. 610, 511 Bermuda Run, 
Bermuda Run, North Carolina 27006. 


STAY HOME, MAKE MONEY. $1005 daily pos- 


sible. Quick, easy. Recorded message reveals 


| details: (612)649-4800 (J31). 
SUCCESS in photography. Make money shoot- 


ing news, models, weddings, and more. Free 


information, Delton Photography, Вох 423, Wa- 


terloo, Ontario, Canada N2J 4A9. 


NEW 2000% PROFITS—in moldmaking/ 
Casting. Free information: Caster, Box 
16586(P2), Memphis, TN 38186-0586. 


BIG PROFITS! Take pictures put on 3*2" button, 
keychain or card. Free Information, Napier s 
Treasure Mart. At 13, Box 499, Bedford, IN 
47421. (812) 279-9636. After 2 p.m. 


INTERNATIONAL CALLIMG. Start your own 
calling card business! Big Profits! Send $25.00: 
Phone Profits, P.O.B. 27-6157, Boca Raton, FL 
33427-6157. 


BE YOUR OWN BOSS 


Repa Cracked Windshields. li's Easy. We'll 


h vou how to start and run your own busi- 


‚ Keep all the mones 


vou cur Patented 


| Equip ment. FREE val luable report 
CALL 1-800-321-2597 
GLAS-WELD SYSTEMS, INC. 


Вох 3755-C + Bend, OR 97708 


È 


$ 5000 PLUS MONTHLY $ 


| FROM GOY'S BEST KEPT SECRET, THE | | 
DISABILITY CONSULTANT 


ADVANCED PAY, FREE TRAVEL & MORE 
FREE BOOKLET-CALL 
303-766-1111 
BOX 460058 * AURORA, CO 80046 


51,000 CATALOGS listed. Sources For Any- 


thing! $5.95 CATALOGS. Box 92452X, Atlanta, 
GA 30314. 


INVESTMENT MONEY 


Need investment capital? The US 
Government has billions to invest in small 
businesses annually! Much of this money 


is not claimed by people like YOU! Find out | 
how to get your share. Receive this infor- | 
mation for 1/3 of what others charge. Send 


$3.00 to: 
GRANT OFFER | 
P.O. Box 569, Blythewood, SC 29016-0569 


REAL ESTATE APPRAISER CAREERS. 
HOME STUDY. P.C.D.I., ATLANTA, GEORGIA. 
FREE LITERATURE. 800-362-7070. DEPT. 
RB109. 


ATTENTION SAVERS: A UNIQUE SYSTEM to 
save money on a daily basis. Please send sase 


lor free information to: Coppa Investment | 


Products, Dept. PS-023, PO BOX 20391, W P. B., 
F L 33416-0391. 


MAILORDER OPPORTUNITY: Start profitable 
home business without experience or capital. 
Free book. Mail Order Associates, Dept. 472, 
Montvale, NJ 07645. 


Attend America's largest invention show. Over 
1000 inventions from 21 countries. „Мау 1993. 
412- 288- 1343. 


JOIN HOME-WORKER'S ASSOCIATION— 


| Get FREE lists "legitimate" companies offering 


home-employment! Write: Association —P S293, 
Alexandria Bay, New York 13607-0250. 


FREE REPORT—How To Get $25.00/Pound For 
Your Scrap Aluminum. Write: Ameriscrap— 
P293, Alexandria Bay, New York 13607-0127. 


MAKE YOUR FIRST MILLION USING OTHER 
PEOPLE'S MONEY: GUIDE $3.00 (GUARAN- 
TEED) CHAKIB, BOX 2086-S, New York, NY 
10108-2015. 


Easy ... Steady money. Used bicycles. Free 
inside report. French, Box 3011(PS), Rapid City, 
SD 57709-3011. 


HERE'S YOUR CHANCE TO BECOME Fl- 
NANCIALLY INDEPENDENT! FREE COLOR 
BROCHURE. Townsend, 215 Norris Dr. Cali- 
fornia, MD 20619-31 10. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! Freebies! 
information (stamp): DDN. Box 20152-G, 
Femdale, MI 48220. 


WORLDS FINEST WATCHES. Top Quality Rep- | 
licas. Below Wholesale Prices. Free Brochure. 
1-800-553-4334. 


CABLE EQUIPMENT Ё 


CABLE T.V. CONVERTERS Jerrold, Oak, Sci- 
entific Atlantic, Zenith, & many others. “New” 
MTS stereo add-on: mute & volume. Ideal for 
400 & 450 owners! 1-800-826-7623. B&B INC. 
4030 Beau-D-Rue Drive, Eagan, MN 55122. 


TEST TURN-ONS 548580 SAB550 SAB500 
5А8570/90 Zenith all Jerrold Starcom 6/7 


Tocom-VIP $44.95 each 1pc. boxes SA 8580 | 


Starcom 7B/B Pioneer 6110 Tocom VIP $279.95 
each. 1-800-74-CABLE. 


TOCOM-DPV-BB and SA 8580 & 8590 convert- 
ers, decoders. Best prices. Call (B00) 942-6649. 


АГП »xlers / Low ric es 


PO Box 26 « Wood Dale, ri 6019 
(708) 766-5222/Fax (708) 766-52 
Call CST Mon.-Fri. - 9-5 / Sat.-10- 
JERROLD * SCIENTIFIC ATLANT 
OAK * ZENITH * HAMLIN * PIONEE 

Converter Only * Hand Helds 

Ch. 3 Filters * 3 Ft. Jumper Cable 
VISA/Mastercard C.O.D 
[7] Orders Only 1-800-735-5912 
10 Yrs. Experience 
6 Mos. Warranty 

(NO ILLINOIS SALES) 


CABLE TV DESCRAMBLERS 


x CONVERTERS * 
and ACCESSORIES. 


PANASONIC, JERROLD, OAK, 
PIONEER, SCIENTIFIC ATLANTA 
| AND MORE. LOWEST PRICES. FREE CATALOG. 


| CABLE READY 
COMPANY 


(800) 234-1006 


CABLE T.V. EQUIPMENT 
Why Pay High Rental Fees? 


Replacements for all models, 60 day inni 
ditional money back guarantee. Low Pri 
Ship within 24 hours. SSAE for free catal 29 
visa. MC. COD Let our experi ence work for 
YEH 

1-800-243-3967 


SKYLINE SYSTEMS INC. 
114 S. Euclid Ave. 
Park Ridge, IL 60068 


CABLE TV CONVERTERS. Jerrold, Zenith, F 
oneer, Oak, Scientific Atlanta, and many mor 
12 years experience gives us the advantag 
Visa/MC AMEX C.O.D. Advantage Electronic 
Inc. 1-800-952-3916, 1125 Riverwood D 
Burnsville, MN 55337. 


CABLE TV 
DESCRAMBLERS 
CONVERTERS 
ACCESSORIES 


SAVE $$$ DON'T RENT 


30 DAY MONEY BACK GUARANTEE 
| PANASONIC, OAK, JERROLD, 
| ZENITH, SCIENTIFIC ATLANTA 
PLUS MORE!!! LOWEST PRICESII! 
AAA Electronics 


CALL 1-(800)258-9512 


SECRET CABLE DESCRAMBLERS! Bui 
Your Own Descrambler for LESS than $12.00 
SEVEN EASY STEPS. RADIO SHACK Par 
List and FREE Descrambling Methods Th 
COST NOTHING To Try Included. Send $10.4 
to: Harry White, P.O. Box 1790, Baytown, Тех; 
77522. 


CABLE TV CONVERTERS 


Save $100's 
• All makes and 


« Years of customers 


— es р 
ТНЕУ 


complete satisfaction 
* Quality Ei quipment 


«Shipped within 24 hrs 


« Free catalog 


L&L ELECTRONICS INC. 


1430 Miner St. Suite 522 Des Plaines, IL 60016 


1-800-542-9425 


Purchaser must agree to comply with all State and Federal 
laws regarding privale ownership af cable TV equipment. 


UNIVERSAL garage door openers, phone 
scramblers, Tesla, Free Catalog. 
1-(805)-487-9765. 


CABLE EQUIPMENT 


YOU WANT SOME OF THE BEST PRICES 
converters, descramblers, remote controls, 
ble equipment in general, call | 
13-790-7896. No Michigan sales 


BLE CONVERTERS, ACCESSORIES BE- 
W WHOLESALE! Immediate delivery from 
nt stock! COD orders only. 1-800-995-1749. 


IENTIFIC ATLANTA model 8580 converter: 
scrambler w/remote, REPLACES most Scien- | 
: Atlanta models. Works on most Scientific 
anta cable systems. Wholesale price $229.00. 
antity discounts. Call Phil at Universal Prod- 
5 1-800-438-2030 


GET 2 TRANSMITTERS 
FOR THE PRICE OF 1! 


AMAZING 
» ELECTRONIC 
PRODUCTS & KITS 


R/C AIRBORNE VIDEO! 


| BUTS YOU IN THE MODEL AIRPLANE, HELI OR 


© | 


a transmitter all in onel 

eSimple 5 minute pe іга 
eNo circuit board 
*MONEYBACK GUARANTEE. 


any ЗМ to 12V battery and you can hear f 
every sound in an entire house over 1 mieg 
away! Tiny IC chip uses the moet advanced 


PLANE, HELI, CAR. ROCKET 
ACTIOM VIDEO. CALL TODAY! 
13015 Debarr Drive 
Austin, Texas 78729 


212-335-9777 


Joker Kit 


technology to allow you to hear every sound س‎ Á—— M M a— 

DESCRAMBLERS - oven à any FM radio tuned tof || One of the best } SURVEILLANCE telephone $175.00. REMOTE 
Undetectable and high tech gags! | telephone recorder and Room Monitor $479.00. 
"ST CHIPS BULLE PUE T Bi BLOCKERS EJKIK . $19.50 £- ja $3.00 catalog. LISTEN ELECTRONICS, 603 
‚_ Mystical Electronics is the only source жс ج‎ Elgin, Muskogee, OK 74401. 800-633-8277. 

or the latest devices for video “enhancing эзы Anti-Gravity Kit бы йыш. objects float arc „Му, aah a anl gaa ear Nader ا‎ 


.. DOGS/MISC. 


Gall or send for our latest catalog 


MYSTICAL ELECTRONICS 
Р.О. Box 867, Stonington, CT 06378 


130MHZ! The VT-75 в powerful (00m) ив air! — gift, conversation place: Dr scianca 


so it transmits farther - even | 
[агл buildings - where tin PC boade with 


VACCINATIONS OVERPRICED? Veterinarian- 
authored manuscript explains inexpensive alter- 


(401) 782-7053 


CB RADIO 


)LICE—FIRE SCANNERS, CB'S MARINE 
WAY, ANTENNAS, HPR, BOX 19224Р5, 
РИЯ, СО 80219. 


COMPUTERS 


6-33, 256K Cache, 4MB RAM, 1.44 FDD, Full | 
wer å Power, Combo VO, 130ME HDD. SVGA, 
` Monitor $1450. 714-559-4088. 


J-ROMS & MORE INTERNATIONAL! 
ORLD'S LARGEST SELECTION OF CO- 
JM! ... STAR TREK MOUSE PADS! ... 
28) 279-7055. 


CONTACT LENSES 


HOLESALE CONTACT LENSES, ALL 
TANDS, EXAMPLE: ACUVUE DISPOS- 
JLES-817.00. 6 PACK BAUSCH & LOMB 
JFLENS-$11.00. 1-800-521-3511 


DETECTIVES D 


ETECTIVE Home Study Training. Badge Di- 
oma. GLOBAL, 171P Park Street, Stoneham, 
A 02180. 


iam the secrets of how to conduct your own 
ivate Investigation by the book. Call 
B00-242-8845 


DO-IT-YOURSELF 


LEPHONE LISTENING DEVICE — 


ёсе or | 
cassee o nos f 
ut telephone ine Starté аша 


Record telephone conversabons in your 
home Connect between af 
recorder and yo 
mabtally when phone 15 answered Records both 

ides ol comeergation Sp! recorder when | 
phona 15 hung up 


|| * = 
is ^ EACH 0» Бы лы 


Super Powerful FM TRANSMITTER 

lany tenes mom ролети! man other transmitters 
ansmis up lo % mie 10 any FM rade -Easy To 
semble КЇ - up ip ЧҮ banery (пот mci | 

: catalog of Transmitters Voce Scramtiens and 
her: ipecuy tens. enclose $2 00 ie WS! Cor 

| Caii 407-725-1000 ог ыны £19 95 « $1.00 
shipping per item to: US! Carg., РО Box 

IS-2057, Melbourne, FL 37902 COO" Ок, 


WORLD'S SMALLEST 
FM TRANSMITTER 


ALL OTHERS OBSOLETE! X$T500 
iNew Surface Mount Technology 

(SMT) makes the XST500 the 
smallest most advanced FM 
transmitter you can buy! Powerfull 
|4 stage design provides greatest 
range o! any und availabe today 
П can transmit whispers up io a 
mie away! Powered by SV 
battery E works with any FM 
recetver and is easily tuned over 
the FM radio band. Order our 
leasy to assemble E-Z Kit with 
all SMT chip components already 
assembled to circuli board 


$39.95 Eon و و‎ E MC 
1-800-336-7389 


XANDI ELECTRONICS 
201 E Southern Ave, Suite 111, Tempe B 


I Ve, in. 


or 


LECTROPLATING TEXTBOOK, ELEC- 
ROPLATE METALLICS NONMETALLICS 


2906-0095. 


14.95. Details free. Tropic, X95, Palm Bay, FL | 


limited circuitry just can't. Want the smallest | 

room transmitter you can buy? Just power | 

the VT-75 with a hearing-aid battery and it 

stil outperforms all others! WE N'T 

aranja desc ges Our VT-75 is the 

uy anywhere that comes 

So aay unconditional 

guarantee! — Pre-tested 

eroe Air with miniature microphone 

and instructions tO use as room or 
tranemitter - $49.99 + $1.50 

- buy 2 for $45.00 each with 

MC, MO, for immediate 


aor IM 
ILLS, ^ 
INDUSTRIES* E 0507 mee 


CALL 91 4-232-3878 24HAS 


POORMAN'S INFINITY TRANSMITTER! 
Monitor room conversations! $2.00 part converts 
any telephone! Plans $1.00, Free Catalog, 
Electromart, Box 4, Carthage, TX 75633-0004 


| “ 1 Year Warranty 
FREE CATALOG 
l gm hese ewi mhe mireg Bemi 


MEREDIT INSTRUMENTS 


Р.0. Box 1724 - Glendale, AZ 85301 + (602) 934-9387 


DON'T THROW AWAY THAT USED 


COPIER OR PRINTER CARTRIDGE! 
Do it yourself REFILL IT | CANON" : 


йм 20 22 254 


it $ easy SAVE OVER 75% ^ 

Complete kit includes „91 9.95 ч 
і © парк — ‚=з LASER PRINTERS 
MORACK ey 


NGORPORATED Order or information| SHARP: ' COPIERS | 
0) XEROX" SODA 


& 598-0580 
ous wEFAX( S203 | $29.95 | 


"Мед ке 


BUGGED? PHONE TAPPED? FREE Catalog of 


| Counter-Surveillance Equipment tells you Fast! 


1-800-732-5000. 


SURVEILLANCE - COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Huge 
Catalog $5.00 (Refundable) PROTECTOR, Box 
520294-A, Salt Lake City, UT 84152 


QUARTZ CLOCK MOVEMENT and supplies! 
Low Prices! Yankee Ingenuity, Box 113, Altus 
OK 73522 

LASERS, .5mw To 20 watts, Hundreds of Laser 
Related Products & Plans. For Catalog Call 
714-278-0563, or Write MWK Industries, 198 
Lewis Court, Corona CA 91720. 


KGB—CIA SURPLUS 


Thru A Wall Mystery Switch 
Pulse On — Pulse Off 
Uses no botteries, drains no current 


Control iow powered devices 
Easy to assemble 
$14.95 or Free details 
KOPIS ENTERprises 


TRADE SECRETS REVEALED! SAVE 


$1,000's on HOME IMPROVEMENTS. FREE | 


| FACTS, Cail: 1-800-947-3838. 


| 4 / Mile A Automatic Ns FM Xmitter kit a 


both sides of phone conversation. XTL300 . $19.50 


BBO Rhone pete gn 


with extended play recorder. TAP20X .... $129.50 
1mw Visible Red Laser Kit 


||| Produces 1 million degree К temperature 
| equivalent! LASOSK 


| FREE CATALOG with Order, Or Send $1.00 РЕН. 


INFORMATION UNLIMITED | 


Dept PS-91, Box 716, Amherst NH 03031 FP 
Phone 603-673-4730; FAX 603-672-5406 Orders: 


MC, VISA, COD Accepted. ADD $5 S&H. 800-221-1705 | 


FLAT ROOFS - SAVE 70%. Solve any problem. 


Any size root. Revolutionary reinforced Acrylic 
system. Easy, safe, foolproof Proven 23 years. 
We manufacture, consult, instruct. FREE Infor- 
mation: PSA ROOFAGE, P.O. Box 20784, Lehigh 
Valley, PA 18002-0784. 


You've invented something. Now what? Contact 
America's first advertising agency exclusively for 
inventors. The Inventors Advertising Agency. 
1-800-1AA-0871. 


“THE REAL SPYMART" NO JUNK, GOOD 


| ELECTRONICS, TRANSMITTERS, NIGHTVI- 


SION, CELLULAR SURVEILLANCE, CATALOG 
$5.00. OPERATIVE SUPPLY, PO BOX 2343, 
ATLANTIC BEACH, NC 28512. 


ELECTRONIC SURVEILLANCE KITS 


1 МЕЕ FIM МСЕ TRANSMITTER. E x1" will outperform most 

units many times its price, Buffered, operates from 80 to 

120 MHZ. Requires 6 to 12 VDC. 

1 МЕЕ TREPHONE TRANSMITTER. 55 x1' Transmits both sides 

of a conversation to amy FM radio. Operates from 70 to 130 

MHZ. Requires phone power only. 

TELEPHONE RECORDING DEVICE. 3'x6' Records both sides of 

conversation automatically to recorder when phone is 

answered. Requires phone power only 

Each lut contains easy instructions, all parts and the drilled 
rinted circuit board. $19.00 each, 2 tor $35.00, 3 for 


0.00. Add $1.50 each unit S/H. Visa/MC/MO for immediate | 


shipping. Free catalogue with order or send 51.00 Р/Н 


PHENOMENA ELECTRONICS "m 
Box 59004, Potomac, MD. 20854 ce 
or call 301-330-8925 (24 Hours) 


AMAZING patterns with your laser. No need for 
expensive galvanometers. Build your own sys- 
tem for under $50. SASLE plus $10. Interflection, 
Rt. 2, Box 156, Winters, TX 79567. 


ADVERTISE Free! 21,300 Magazines, News- 
papers, Radio, Television. $5.95. Directory, Box 
1448AW, Redoak, GA 30272. 


Telephone Bug! 


524 95 aa MC (214) 255-7490 o 
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natives. $5.00/SASE Consumer Advocate, 
4318 Rainbow Blvd., Dept. 115, Kansas City, KS 
66103. 


EDUCATION & INSTRUCTION 
WORLD WIDE COLLEGE OF AUCTIONEER- 
ING, INC. (formerly Reisch) Since 1933. Term 
Soon. Free Catalog-Col. Gordon E. Taylor, Box 
949, Dept. 3, Mason City, IA 50401. 515 
423-5242. 


BE A PROFESSIONAL SKIPTRACER AND 
MISSING PERSON INVESTIGATOR! Сот- 
plete training program. INFOPACK $2.00. ATC, 
289 College, Burlington, VT 05401-8320. 


PARALEGAL GRADED CURRICULUM. Ap- 
proved home study. Most affordable and com- 
prehensive. 100 years of legal training. FREE 
CATALOG 1-800-826-9228. BLACKSTONE 
SCHOOL OF LAW, P.O. Box 871449, Dept. PS, 
Dallas, TX 75287. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, DOC- 
TORATES. ACCREDITED, INEXPENSIVE, 
FAST. FREE INFORMATION. DR. JOHN 
BEAR, COSTEDOAT & BEAR BOOK SALES, 
PO BOX 826Р5, BENICIA, СА 94510. 800 
835-8535. 


PRIVATE INVESTIGATION TRAINING! Big- 
Income! Own Boss! FREE Information. Probe, 
P.O. Box (PS) 2133, Beverly Hills, California 
90213-2133. 


MONEY FOR COLLEGE. SERVICES GUAR- 
ANTEED. FREE DETAILS. STUDENT ADVI- 
SORY SERVICES, BOX 1647, LAKE WORTH, 
FL 33460. (800) 727-2258 EXTENSION 2943. 


*FREE VIDEO* External BA/BS, MS/MBA, PHD/ 
LAW. Accredited, financial aid, (B00) 688-3542. 
LA SALLE UNIVERSITY, Dept. #618, Mande- 
ville, LA 70470-4000. 


BARTENDING, SELF STUDY, RESPONSIBLE 
COURSE, (BOOKS, AUDIO TAPES, BAR 
EQUIPMENT) SEND $5.00 FOR COURSE 
SAMPLER (CREDIT) OVER 21 PLEASE. R&B 
ENT, 1208 SAN PEDRO N.E., DEPT. 166, 
ALBQ, NM 87110. 


UNIVERSITY DEGREES without classes. Ac- 
credited. Bachelors, Master's, Doctorates. Free 
Revealing Facts! Thorson-PS2, Box 470886, 
Tulsa, OK 74147. | 

DEFEAT SCAN-TRON easy method, impossible 
to detect. $10.00. Brian Silvert, 21 Hampton 
Drive, Freehold, NJ 07728. 


BECOME A PERSONAL COMPUTER EX- 
PERT. HOME STUDY. LEARN DOS, SOFT- 
WARE APPLICATIONS, MORE. P.C.D.I., 
ATLANTA, GA. FREE LITERATURE. 
800-362-7070, DEPT. KB109. 


BECOME A PARALEGAL. HOME STUDY. 
P.C.D.L, ATLANTA, GA. FREE CATALOGUE. 
800-362-7070, DEPT. LB109. 


BE A LOCKSMITH. Moneymaking Career 
Opportunity. Send for a FREE Book to the 
Locksmithing Institute, Dept. 311-023, Fairfield, 
NJ 07004. 


EMPLOYMENT INFORMATION 


GET AHEAD FINANCIALLY—Work in Arab 
countries, We can help, Information $5.00, Lisc 
| Parks, Box 41726, Riyadh, Saudi Arabia 11531. 
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EMPLOYMENT INFORMATION 


EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS AT HOME. TOLL FREE 
1-800-467-5566 EXT. 8068. 


ENERGY SAVING 


“LOW E” ENERGY EFFICIENT GLASS | 


COATING—Block U.V., reduce carpet and turni- 
ture fading, cut utility bills, EXCEPTIONAL 
R.O.I.—Simple installation! Brochure and 
samples $4.00—VIDEO $17.95. ACCENT TINT 
& GRAPHICS, P.O. BOX 7308, York, PA 
17404-7308. 


SOLAR, GREENHOUSE, AQUACULTURE 
AND ENERGY SAVING CATALOG! 64 pages. 
Featuring Sun-Lite® for do-it-yourselfers, build- 
ers, designers. NOW SOLAR/ELECTRIC VE- 
NENTS. America's largest energy saving 
source! $2.00 postpaid. Solar Componerits Cor- 
poration, Dept. PS, 121 Valley St., Manchester, 
NH.03103. PHONE 603-668-8186. . — i 

FIREPLACE INSERTS Direct from manufac- 
turer $595 complete. Also PreFab ZERO 
CLEARANCES with chimney (Remodeling/New 
Construction) High heat output on half the wood. 
FUEGO FLAME FIREPLACES. For Info: 
1-800-445-1867. 9 to 4 CST. 


| FINANCIAL 


OVERDUE BILLS? Bad credits no problem! 
Licensed Bonded. Applications to $50,000. Not 
loan. company. TCAC, Dept PS, Р.О.Вох 26397, 
Birmingham, AL 35228 or call 1-800-869-0607. 


FOUNDATION GRANTS for individuals, to 
$180,000. Free recorded message: (707) 
448-2668. (2JG6). 


GET FREE CASH! Private money grants. Foun- 
dation giveaways. Loans. Millions available. 
Sources: Box 5529-Y, Diamond Bar, CA 91765. 


SAVE THOUSANDS on your mortgage with 
CUSTOMIZED prepayment plan. Send BUSI- 
MESS size SASE for free information. Harbor 
Computing Services, POB 2181, Gig Harbor, WA 
98335. 


FEDERAL LOANS for small business now avail- 
able. 1-800-777-6342 for free details. 


Goodbye to high insurance premiums! Save 
$500.00-$1500.00. Guaranteed! $6.00 SASE: 
McNew Enterprises, Rt, 5, Box 192, Gonzales, 
TX 78629. 


FOR INVENTORS 


PATENTS DEVELOPED-MARKETED BY PRO- 
FESSIONAL PATENT ENGINEER,U:S. PATENT 
OFFICE FORMER EXAMINER & MAN- 
UFACTURERS REPRESENTATIVE. Free In- 
vention Protection Certificates. PATMART, Suite 
702 PS, 233 Broadway, New York, NY 10279. 


REGISTERED PATENT ATTORNEY. D.A. 
Kettlestrings. Free patent'trademark informa- 
tion. 1-800-966-7577. 


PATENT AND DEVELOP Your Invention. Regis- 
tered Patent Agent and Licensed Professional 
Engineer. Send for FREE PATENT INFORMA- 
TION Every Inventor Should Have. Richard L. 
Miller, 12 Parkside Drive, Suite-N, Dix Hills, N'Y 
11746-4879. (516) 499-4343. 


INVENTORS! Can you patent and profit from 
your idea? Call AMERICAN INVENTORS 
CORP. for free information. Serving inventors 
since 1975. 1-800-338-5656. 


PATENT IT ECONOMICALLY! Free details. Li- 
censed since 1958. Rainer Associates, 2008 
Fondulac, Richmond, VA 23229. 


ALL NEW PRODUCTS/IDEAS Free Devel- 
opment, Patenting, Licensing package, call 
Davison & Associates 1-800-677-6382. 


PATENT SEARCH. RAPID PATENT, THE 
WORLD'S LARGEST PRIVATE PROVIDER OF 
PATENT DOCUMENTATION. LOCATED NEXT 
TO THE U.S. PATENT OFFICE, OFFERS LOW 
COST MANUAL AND ON-LINE COMPUT- 


ERIZED PATENTABILITY SEARCHES. FAST-: 


EST SERVICE. SATISFACTION GUARAN- 
TEED. FOR INFORMATION AND ESTIMATED 
COSTS CALL 1-800-336-5010 EXT. 31. 


CONTINGENCY PATENT LICENSING. NO 
FEES ANYTIME. Three decades experience: 
PROPAT International Corporation, 441 Summer 
Street, Stamford, CT 06901. (203) 325-3344. 
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| PATENT ATTORNEY. Free information hand- 


book, patent research/services. J.P. Halvonick. 
1-800-876-6670. 


FREE help for inventors! No charge for protec- 


tion forms and information kit. Affiliated Inventors 


| Foundation. 1-800-525-5885. 
DON'T BE FOOLED! CALL OUR INVENTORS 


CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793. 


INVENTORS’ DIGEST. America’s ONLY Inven- 


tors Magazine. $20/year. Satisfaction guaran- 
teed. Free patent manual. 1-800-525-5885. 


INVENTORS—NEVER SHOW IDEAS TO 


STRANGERS! Avoid ripoffs—save thousands! 
Revolutionary idea protection/marketing meth- 
od! Nonprofit organization. Free information—24 
hours: 1-800-846-3228. 


LOW COST PATENT SERVICES: Your Idea 
May Become A Profitable Invention. Free Infor- 
mation. “INVENTORS HELPER", P.O. Box 276, 
Bergenfield, NJ 07621. 201-387-1877. 


ATTN: INVENTORS 


FREE "INVENTION KIT" 


¢Patenting "Licensing «Marketing 
Take Action- call now! 


FREEDOM MARKETING, INC. | 
USA 1-800-932-4298 CANADA 


WORK DIRECTLY WITH 
REGISTERED PATENT ATTORNEY 
AND ENGINEER 
31 YEARS COMBINED ENGINEERING 
AND PATENT EXPERIENCE 
U.S. & INTERNATIONAL PATENT APPLICATIONS 
Patent and develop your idea with the 
experience of an expert. Call or write for 
free 148 page brochure, confidential ad- 
vice and forms for confidential disclosure 

and record of invention. 


Overseas production, prot 
and research readily avaliable. 


INTRODUCTION TO INDUSTRY & MARKETING PLANS 


Also specializing in 
copyrights and trademarks 
Less than 1 hr. flight time to 

US Patent Office 


MICHAEL I. KROLL 

REGISTERED PATENT ATTORNEY 

US PATENT REGISTRATION 26,755 
171 STILLWELL LA., SYOSSET, NY 11791 


US & Canada } 800-367-7749 
OUTSIDE USA 516-367-7777 
FAX 516-692-2787 


No fees to inventors! Call Inventors Awareness 
Group for frc e brochure. 1-800-288-3938. 


INVENTORS 
YOUR FIRST STEP 15 IMPORTANT. . . 
FOR FREE ADVICE, CALL 


ADVANCED PATENT SERVICES 
COMPLETE PATENTING & MARKETING SERVICES 


Washington, DC 1-800-458-0352 


PRODUCT DEVELOPMENT SERVICES: Anal- 
ysis, Design, Drafting, Engineering, PROTO- 
TYPES, Testing. Call: EMDC 503-452-7344. 


AVOID SCAMS! Free information exposing 
invention. marketing/patenting companies. 
1-800-428-5779. 


$1.00—45 Pages Beautiful Gifts. R&A Gifts, 
5733A 5. Wolcott, Chicago, IL 60636. 


GIFTS BY MAIL. FREE CATALOG. FANTASTIC 
GIFTS & MERCHANDISE, 1233-33 MELVILLE 
ROAD, FARMINGDALE, NY 11735. 


[| союне 


BETTER THAN S—X CAKE. Send $2.00 PLUS 
SASE, PO BOX 342, Cornelius, OR 97113. 


CREAMY SALAD DRESSING, LOW calorie. 
NO fat, NO cholesterol. HIGH protein, HIGH 
calcium. $2.00 SASE. BRUNSCO, 4770 SW. 43 
Terrace, Fort Lauderdale, FL 33314. 


ий m 
ү, 


GOVERNMENT SURPLUS - 


DRUG RAID SEIZURES! Dirt Cheap! Cars, 
Houses, boats, computers. Seizures, Box 
51488-Y D, Ontario, CA 91761. 


HAIR CARE 


MEN! Remove tiresome gray hair. Send $5.00 & 
S.A.S.E. for detailed instructions. Images, Box 


| 1004, Manchester, NH 03105. 


MEN'S HAIRPIECES, CATALOG, QUALITY 
NAME BRANDS AND ACCESSORIES. DIS- 


COUNTED PRICES! M.H.D., 1926 SOUTH | 


P.C.H., 110-P, REDONDO, CA 90277. 


HEARING AIDS 


HEARING AIDS - GUARANTEED LOWEST 
PRICES! No huge commissions. Home trial, 
terms. All makes. We're the oldest, biggest, best. 
Custom instrument specialists. Free information, 
1-800-323-1212. Lloyds-PSC. 


FREE 
CATALOG! | 
New Hearing Aids 
* All Models 
* Huge Savings 


| * No Salesman will call 


Try Before You Buy! 
Write: Rhodes Hearing 
20112 Ohio St., Brookport, IL 62910 
1-800-453-4905 (24 hrs.) 


FREE HEARING AID CATALOG HUGE SAV- 
INGS By Mail, FREE 30-day TRIAL, Write Now: 
Amazing Technology, 531 Main Street, Suite 
335-56, El Segundo, CA 90245. CALL 
1-800-382-0002. 


HEARING AID BATTERIES, GUARANTEED 
LOWEST PRICES—NATIONAL BRANDS, 
DAVSAN INC., DEPT. QT1, 484-108 EAST 
L.A. AVE., MOORPARK, CA 93021. 


| HELP WANTED —_ 


EARN MONEY Reading books! $30,000/yr In- 
come potential. Details. (1) 805-962-8000 Ext. 
Y-20025. 


HOME TYPISTS, PC users needed. $35,000 
potential. Details. Call (1) 805 962-8000 Ext. 
B-20025. 


$329.84 Weekly assembling our products at 
home. Free information. 1-800-333-3294. 


WORK AT HOME! EXCELLENT PAY! Easy 
Product assembly! Toll Free 1-800-873-6365 
Ext. 5037. 


——— — — ——————————M——  ——  À—EsÓÓ—— 


HOBBIES & COLLECTIONS 


MILITARY Medals Catalogue. $1.00; 10 issues 
$8.00. S. Vernon, BOX 890280PS, Temecula, 
CA 92589-0280. 


FLAGS! Catalog $1 World's flag societies. Jour- 
nals, 50 Heathfield, Scarboro ON, Canada 
M1M 3B1. 

HOME CRAFTSMAN 
MAKE WOODEN TOYS, whirligigs, door harps, 
dollhouses, clocks, music boxes, weather instru- 
ments, crafts, furniture with our plans, parts, kits, 
supplies—Catalog $1.00—(800) 848-4363— 
Cherry Tree Toys, Belmont, Ohio 43718-0369. 


MINI-QUARTZ clock movements as low as 
$1.75 complete! Posters, epoxy, videos, kits, 
plans. Over 2000 items! Wholesale catalog 
$3.00 (credited). Steebar, PO Box 463, Andover, 
NJ 07821-0463. 


HOME SECURITY 


PROFESSIONAL HOME SECURITY SYSTEM 
monitor entire house, pool, garage. Everything 
simultaneously. PLANS $25.00. TURNER, PO 
Box 729, Hiram, GA 30141. 


NEED INVENTIONS, 
NEW PRODUCTS TO DISPLAY, SELL 


in our stores, order brochure on 
information and display prices. Write to 
NEW PRODUCTS = NEW INVENTIONS 
376-26TH AVE. SOUTHEAST, 
ST. PETERSBURG, FL 33705, 
or call 1-813-821-0475. 


| INVENTOR? Free Eureka Solutions Internati 
al invention/idea kit. Free Industry Access | 
view. 1-800-547-7885. 


HONGKONG factory needs several new pr 
ucts for their oversea buyers. Send product idi 
for royalty evaluation. Can produce exclusiv 
Hongkong Plastic Metal Products Company, E 
69627, Kwuntong, Hongkong. 


Rn" CE 
"KITES «s: 
2 


| FREE COLOR CATALOG 


|. Choose from over 200 kites. 


Many unusual & innovative designs. 
\ Call or write for your catalog today! | 
{ Into The Wind * (800) 541-0314 | 
1408-P Pearl St., Boulder, CO 80302 | 


кин тиш тыш шыш шиш шин s‏ س س سا 


GIANT 30' KITE. Build in 1 day. For Plans: Se 
$6.00 to: D&D, Box 116, Sebastopol, CA 954; 


LOANS BY MAIL 
BORROW: $100 - $100,000! Fast! Confident: 
Glendale Associates, P.O. Box 260279, Plai 
TX 75026. 1-800-444-6599. | 


Mitos ын ыас, и Ыыы за ыл ЫНЫН ШЕЕ RR) 
SIGNATURE Loans, must have checking i 
count & steady job. Call 1-800-445-0680. 


IMMEDIATE Loans to deserving individuals | 
fused elsewhere. Many plans included. Try i 
Associates P3, Box 9008, Baldwin, f 
11510-9008. 


BORROW $500-$40,000! "Overnight" on S 
nature. Keep indefinitely! Action, Box 5499 
Diamond Bar, CA 91765. 


MAGIC TRICKS, PUZZLES, ETC. 


PROFESSIONAL MAGIC! Huge Catalog. оҳ 
1,000. $4.50. Hank Lee's Magic Factory, De 
PS, Boston, Massachusetts 02111. 


MAILING LISTS 
ACTIVE NEW "HOTLINE" NAMES! GUARA 
TEED! FAST DELIVERY! MIXED STATE 
200/$20; 500/$35; 1000/$55. DEALER 
CO-OP, BOX 526-PS, GRIFFITH, | 
46319-0526. 1-(800) 992-9405. 


EE 7 ON 
MEN S WIDE SHOES 


EEE-EEEEEE, SIZES 5-13 
Extra width for men who need it. 
Excellent variety, styling _ 

and quality. Send for Д9 
FREE CATALOG. .<¢ 7 


as e ume 


HITCHCOCK SHOES, INC 
Dept. 46 B Hingham, MA 02043 


INVENTIONS WANTED 
| 


MODELS—SHIPS, CARS 
PLANES, ROCKETS 


LIVE STEAM MODELS! Kits or Assemble 

Over 100 different models. Stunning Color 

CATALOG $6.95 Refundable. VIDEO 9.© 

YESTERYEAR TOYS & BOOKS INC, Dept P 

Box 537, Alexandria Bay, NY 13607. PHON 
(613) 475-1771. 


| MONEYMAKING OPPORTUNITIES 


| NEW! Sell unique product. Make 2000% pro 
| Cht. Co., 117 Harrison C-572, Chicago, 
| 60605. 


ONEYMAKING OPPORTUNITIES 


KE MONEY SELLING OIL EATING MI- 
JBES SEND $10.00 TO: MICROTECH, P.O. 
| 252, BURNET, TX 78611. 512-756-6275. 


ALOG of money making manuals. Send 
k to: Manuals, Box 1328, Norwich, VT 
5. 


3agers Profit Thousands, info $15.00. Robert 
thington, 300 Morthwest, Hillsdale, MI 
42. 


MOVIE/FILM/VIDEO 


SCIENCE FICTION, HORROR VIDEOS. 
+ Catalog. ACA Promotions, PO Box 2088, 
е Mountain, GA 30086 (404) 879-1505. 


OF INTEREST TO ALL 


NUINE FOSSILIZED SHARK'S TOOTH 
KLACE. $18.00. (812) 634-6179. P.OB., 
7 ST., Simons, GA 31522. 


OLD GOLD/ JEWELRY /WATCH 


[Е NO CHANCES, Deal with oldest, most 

le firm in old gold business. Established 
4. We buy Gold, Silver, Platinum, Diamonds. 
hest Cash. Free information. Rose Indus- 


$, 29-Y East Madison, Chicago 60602. 
PATCHES, DECALS, BADGES 


STOMIZED PATCHES, PINS, DECALS. 
E CATALOG, STADRI, 71A TINKER 
EET, WOODSTOCK, NY 12498. 


PLANS & KITS 


Plans $3.00 
Kit $185.00 


iailbox 
о a tractor. ComSens Prods. 


169 Forest Knoll Estates 


TE Liquid Plastics. Crystal clear, col- 
. For casting, embedding, coating, fiberglass- 


‚ repairing and reproducing with our Mold | 


ing Supplies. Catalog $2.00. CASTOLITE, 
t. 93A/PS, 4915 Dean, Woodstock, IL 60098. 


IBBER, plastic compounds, techniques, 
irces. Free information: Caster, Вох 16586V2, 
mphis, TN 38186-0586. 


ACTICALLY MAGIC PLASTIC ". Fantastic 
м material for repairing, molding, creating. 
‘USABLE. Sample, information $3.00. 
mental-823, Box 2099, Springfield, VA 


152. 


а 
| 


RADIO, TELEVISION 
CRET Scanner Frequencies: Federal, Police, 
. Free Catalog! CRB, Box 56PS, Commack, 
11725. j 
REAL ESTATE 
LIFORNIA. Acreage. Lots. $50 down. $50 


nthly. 4602 Ethel Ave., Sherman Oaks, CA 
123. 


IRTHERN IDAHO. 5-10-20 ACRES. Beauti- 
Northwest forest and lake country. Hunting, 
ing, recreation, retirement. FREE brochure. 
TIONAL ASSOCIATED PROPERTIES, 1111- 
Sherman, Coeur d'Alene, ID 83814, (208) 
1-8161. 


52"x22" Frame - 


Crookston, MN 56716 | 


Д QUALITY Stamp Mig. Вох 35514-5 1 


GOVEHNMENT LAND 
US CITIZENS ONLY 

20 acre claim program still available, get yours for $20 | 
government fee, in AK, AZ, AR, СА, CO, ID, MT, NV, 

| NM, OR, UT, WA, WY. For complete, step-by-step | 
package including maps, telephone helpline, filing 
forms, etc. send $20; or for more information send $3 
PUBLIC LANDS TITLE, PO Box 2945-PS Port Angeles 
WA 98362-0336 (this is not Homesteading, it's much 
easier and only costs $1. per acre) 


GOVERNMENT HOMES from.$1 (U repair). De- 
linquent tax property. Repossessions. Your area 
(1) 805 962-8000 Ext. GH-20025 for current repo 
list. 


Trees, Creeks and Wildlife, 20 QUALITY acres 
(and up), close to Yellowstone Park, starting 
at $7,450. Easy Owner Financing. Guaranteed 
Access. Warranty Deed. Free Color 


|| Brochure. 


Kocky Mountain Timberlands 
1315 East Main · Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 - (406) 586-8088 | 


Call Toll Free: 1-800-682-8088 


МО NTAN ALAND* | 
20 ACRES - From $12,900 | 


Hike. camp, hunt, fish, 
Montana 5 | 
unspotled wilderness, | 
Near nat'l forest land 
& recreation areas, 
FREE BROCHURE 
EXCELLENT FINANCING 


Call Toll-Free 1 -800-252-L AND 
in Montana call 406-58 
Yellowstone Basin темага 
Vand Where Prohibited 


explore 


GOVERNMENT LAND now available for claim. 
Up to 160 acres/person. Free recorded mes- 
sage: eas (4JG6) 


STOPPING FLAT ROOF PROBLEMS SINCE 
1978 liquid applied fiberglass reinforced acrylic 
roofing system. Waterproofs asphalt, metal, new 
sheathing. Call Polar Seal. 1-800-343-7663 
weekdays 8-5 CST. 


RUBBER STAMPS 


Order "CUSTOM MADE" 


RUBBER STAMPS 


! UP TO 4 LINES only $295 
(Max 30 letters per line) ea. 


INS AUI em т #5 -— 


H at 
m a P Add 25€ per item for Ко 
= SATISFACTION GUARANTEED 
FAST SERVICE - Your Order Shipped in 5 days! 


Tulsa OK 74153 


Emi 


SATELLITE MONTHLY AUDIO CODES. 1-900- 
SUMMONS. $3.50 PER CALL. INTENDED FOR 
TESTING ONLY. JUDITH LINDENSMITH, 
SWAHTZ CREEK, MI 48473. 


SATELLITE TV. FACTORY DIRECT, 24 HOUR 
PRICING HOTLINE 516-763-6842. ORDERS 
AND INFORMATION 305-344-6000. ECHO- 


Satellite-TV FREE 


| 100% Satisfaction 
Guarantee 


56 Раде | 
Catalog Buyer's Guide 


* All Major Brands 

» Complete Systems 
- Accessories. 

i Huge 5а 

* Easy Installation 

» Complete intruct. 


int! 218-739-5231 Fax 218-739-4079 


SKYVISION INC. 


1030 FRONTIER DRIVE 


« 1-800-334-6455 | 


FERGUS FALLS, MN 56537 


INSTALL OR UPDATE YOURSELF! 


SUPER low satellite prices. Free U.S.— 
International catalog. Satman, 800-472-8626. 


| QUICK AND EASY MONTHLY SATELLITE 


AUDIO CODES. 1-900-454-2474. ONLY $2.99 
PER CALL! Testing purposes only. ECE, BH, 


CA. 18+. 


SCIENCE & CHEMISTRY 


"EXPERIMENTERS" LABORATORY CHEMI- 
CALS - GLASSWARE, Catalogue $2.00, Estab- 
lished 1953, Hagenow Laboratories, 1302 
Washington, Manitowoc, WI 54220. 


| ROBOTICS, ASTRONOMY, PHYSICS, CHEM- 


ISTRY AND LABORATORY SUPPLIES CATA- 
LOG. $3.00 REFUNDABLE. SINCE 1970. SAVE 
UP TO 30%! ANALYTICAL SCIENTIFIC, 11049 
BANDERA, SAN ANTONIO, TX. 78250. VISA. 
512-684-7373 


: LABORATORY GLASSWARE, equipment, 


Vacuum Pumps. New & Used. Unbeatable 
Prices. Catalog $2.00. Reynolds’ Scientific, 402 
W. Bedford, #113, Fresno, CA 93711. 


CHEMICALS, GLASSWARE, ETC. Anything 
you need we get. Catalog $3.00 Refundable. 
Advanced Scientific, 1318 N. Dixie HWY, Holly- 
wood, FL 33020. 305-927-2700. 


` SONG WRITERS 


$1,200.00 CASH! Your poems Needed For New 
Songs. Broadway Music Productions, Box 7438- 
PS, Sarasota, FL 34278. 


STAMP COLLECTING 


50 Different Selected United States Stamps. 
Only $1.00.. Tom Roush, P.O.Box 249M, River- 
side, TX 77367-0248. 


UNITED STATES 10 mint commemoratives 10¢. 
Approvals. Cornetta, POB 1509-S, Lake Placid, 
FL 33852. 


1.000 STAMPS. $2.95. Guaranteed Y Worth Over 
$30 at International Catalog Prices! All-Different. 
55 Countries! Money Back. Other stamps to buy 
orreturn: Kenmore, OM-773, Milford, NH 03055. 


FREE! Gold Silver Stamps Approvals. Delor 
Stamps, 21127 Fleetwood, Harper Woods, MI 
48225. 


FREE GIANT BARGAIN STAMP CATALOG, 
FULL OF ALL THE LATEST OFFERINGS ON 
WORLDWIDE STAMPS, ACCESSORIES AND 
SUPPLIES, BASEBALL CARDS, POSTCARDS 
AND BANKNOTES. 
STAMPS ON APPROVAL. BUY ONLY WHAT 
YOU LIKE, RETURN BALANCE, SATISFAC- 
TION GUARANTEED. JAMESTOWN STAMP 
COMPANY, INC., DEP'T. E23PS, JAMESTOWN, 
NY, 14701-0019. 


| 
TTS e Complete ntruct. | 
ee | 


| WATERWISE PURIFIERS . . 


PLUS YOU'LL RECEIVE | 


| TOOLS & MACHINERY 


LATHES FOR THE GUNSMITH/HOBBYIST 


e JET 

e EMCO MAIER 
e SHERLINE 

e MYFORD 

e SOUTH BEND 
* AMERICAN 
TURNMASTER 
è ATLAS (ACC.) 


D— P b Н РЧ pu 
ji |-BLUE-KIDGE <4 
PEEN — 


(800) 872-6500 
CATALOG $1.00 
P.O. Box 536-PS 

Hurricane WV e 25526 


4" METAL Cutting Lathe. Taig, 21069 124th St., 
Chandler, AZ 85249. 


LATHES 
"STARTING AT $350 
"MILLS "METALS «BOOKS 
* PRECISION 

INSTRUMENTS 


Catalog $2.00 
(513) 322-8562 


CAMPBELL TooLs COMPANY 


2100-P Selma Rd. 


a Springfield, OH 45505 


BOLTS, SCREWS, TOOLS, WHOLESALE, Di- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot, Dept. 33, Box 65, Bristol, WI 53104. 


POWER BAND 


* FAST & EFFICIENT 
+ CUT UP TO 8X12 
* BUILD WITH 
AUTO PARTS | 
* SAVE HUNDREDS! 


PLANS 
$12.95 


FULLY DETAILED 
& ILLUSTRATED 


CUT OFF SAW 
EASY TO BUILD! 

A PLEASURE 
| TO OWN 


SEND TO: 
PO BOX 68176, 523 MAIN ST.. VANCOUVER, BC, САН. МБА 445 


| VIDEO EQUIPMENT 


LOMBCO DESIGN INC 


MICROWAVE TV RECEIVERS 1.9 to 2.7 GHz 


36 CH 20" Parabolic Dish Sys. ........... "173.90 
36 CH 28" Rod Aat. буз. ..................... 1193.90 
36 CH 16х20" Grid And Sys. (photo) ...."289.00 


36 CH 24x36" Grid Anl. Sys. ............. 31495 


FAX (602) 289-6069 


VISA MAC AMET ORDERS ONLY 1-800-484-4190 code 9793 


VIDEO TAPES & BOOKS 


GROW YOUR BUSINESS. LEARN LATEST 
BUSINESS METHODS FROM MBA PRO- 
FESSORS FROM UC BERKELEY, STANFORD 
AND OTHER FINE SCHOOLS. WRITE FOR 
FREE CATALOG TO: BERKELEY GROUP, 235 
Montgomery St., Suite 846, San Francisco, CA 
94104. 


DO IT YOURSELF. Two hour VCR Repair Video. 
$19.95 + S/H. For all makes and models. In- 


| Structional manual with trouble shooting flow 


charts. Parts available. ROGER'S T.V., P.O. Box 
130, Grantsville, UT 84029. Phone 
801-884-3243. 


WATER PURIFICATION 


. homemade dis- 
tilled. (800) 874-9028. Box 45981, Center Hill, FL _ 
33514-0459. 

BEERMAKERS! Free catalog of supplies. 


Brewery, 1304 Quincy, Minneapolis, MN 55413. 
(800) 347-4042. 
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Sampling a century of Poputar SCIENCE 
FEBRUARY 1968 
After 25 years of quiet, un- 


2 spectacular progress, bat- 


YEARS AGO tery research is taking a 
great leap forward. There are new 
batteries that run your flashlights, 
radios, and appliances ten times as 
long as lead-acid and dry cells. There 
| are batteries you can charge and dis- 
charge thousands of times and batter- 
ies that make electricity from air. And 
there is a new pint-size storage bat- 
tery that will power what may be the 
first practical electric vehicle. 

New lithium-nickel storage cells 
have tenfold the capacity of lead-acid 
cells and will cost only 50 percent 
more. American Motors announced 
that it will be using these cells in the 
Amitron, a three-passenger electric 
vehicle. 

A zinc-air cell for a flashlight has 
also been designed that’s half battery, 

Flying aircraft carriers 


5 C and huge troop and cargo 


YEARS AGO air transports with a 
range of 8,000 miles have been de- 
signed by Horace Chapman Young 

апа Eric Langlands as combina- 
tions of airship and airplane. The 
Airwing, as the craft is called, is 
built as a flying wing with space 
within its single-wing body for he- 
lium, fuel, crew, payload; and tun- 
nels in which propellers or blowers 
operate. 

This wind-tunnel operation is 
based on the principle that the 
plane will both pull and push it- 
self forward—pulling through suc- 

A new star, or nova, is so 


100 rare that the number 


YEARS AGO recorded during the last 
few centuries may be counted on two 
hands. The time that stars take to 
wax and wane varies considerably; 
some remain at their brightest for 
days, others for months or even years. 

When a star is first seen it is usual- 
ly at its brightest, and many thought 
that this was simply because the star 
is at the stage when it is most likely 
to be noticed. But this may not be the 


FEBRUARY 1943 


FEBRUARY 1893 
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Looking Back... 


Using lithium-nickel stordje 
cells, the three-passenger 
Amitron will have more speed 
and range than any other 
electric 


car. 


half fuel cell, and the 
equal of ten of its pre- 
sent-day counterparts. 
One minor hitch: Flash- 
lights, radios, and tape 
recorders will have to 
be designed with air vents to keep the 
battery running at full power. 
Argonne National Laboratories has 
just hit on one of the most spectacu- 
lar battery schemes. While trying to 
find ways to convert nuclear reactor 
heat to power, the lab came across a 
combination of lithium and tellurium 
which, as a storage battery, might 
give an unbelievable 2,000 watt- 
hours per pound, enough power to 


tion caused by a semivacuum created 
in front, and driving by exhaust pres- 
sure at the rear. The helium gives it 
additional lifting power, making a to- 
tal load of 63 tons possible for a ship 


entire truth. There are many hy- 
potheses that have been suggested to 
explain how it is that these strange 
bodies make their appearance from 
time to time. Some suppose that they 
are due to the sudden colliding of a 
comet with a star; another theory as- 
sumes that a star somehow becomes 
enveloped by a kind of crust or slag 
that is then disrupted and reveals 
the glowing mass within. Both these 
hypotheses, however, would not ex- 
plain the rapid diminution of the 
star’s light, because, if large bodies 


drive a good-size electric car about 
200 miles at 60 mph. 

There are plenty of other fascinat- 
ing ideas for new batteries and for 
putting more power into the old 
types. Some possibilities are tape bat- 
teries in which the electrodes are con- 
stantly replenished, an improved 
flashlight battery that uses magne- 
sium instead of zinc, solid-state bat- 
teries, and many more. 


250 feet square and 62.5 feet in 
height. A troop transport of the same 
size would accommodate 300 soldiers 
fully equipped for service abroad. The 
aircraft carrier is designed with a | 
flight deck 180 feet wide by 200 
feet long that could be lowered be- | 
low the hull to allow 12 fighter 
planes to take off and land. 

Maximum speed for the Air- 
Wing is estimated at 240 niph, 
with takeoff speed at 30 mph and 
landing speed at 20 mph. The 
craft could cruise for 270 hours at 
30 mph. 


The hull of this flying aircraft carrier lowers 
to allow planes to take off and land. 


are dealt with, cooling takes a very 
long time. 

The latest view is that these bodies 
are produced by the sudden meeting 
in space of two streams of meteoritic 
matter, each traveling with a consid- 
erable velocity. The bright light is due 
to the collisions of the particles com- 
posing the streams. This hypothesis 
explains not only the sudden out- 
bursts, but also the rapid decrease in 
brightness. This is due to the fact that 
only small particles are dealt with, 
and these must cool and dim quickly. 


If you think viewing a movie at home is technology in which we have led worldwide. | 


a mere spectator sport, you ve never strapped The ultimate in sight and sound, it comes 
yourself into the Pioneer" Home Theater. 60% closer to reality than ordinary video- 
With our leadership in both audio and video tape. And features the superiority of digital sound. 
technology, the linking of the two produces unprece- Of course, what you hear is spectacular. The 


dented results. 


enveloping intensity of five- 


| What you see is the | channel 

sharpest, brightest Pi | Н ) 'Th та ii | Dolby’ Pro 4 
picture ever played on a ж ш , е | eater. Logic | 

50-inch screen. Our You dont just watch it. Ж 

Шс ___ = | | Sound. All 
| | ШИШИШИ delivered от yers 
| ProVision" line of care of the industry-leading ушеу paie seme 
L projection TVs fea- Audio/Video Receivers by Pioneer. retailer about special CD 
| tures a sophisticated To maximize the quality of aioe 
| new short-focus lens Surround Sound, we've assembled a superb new pack- 
E system for a 25% age of perfectly matched modular speakers specially 
| анін brighter picture.The designed to deliver a theater-like experience. 
э. be Foner CED DNI Combination new high-contrast | Of course, there's a lot more to tell, so call us at 
with Dolby Pro Logic. black screen 1-800- PIONEER for more information. Or, drop 
increases the contrast ratio by 2096. And an advanced by a Pioneer Home Theater dealer. You'll find just what 


three-line digital comb filter significantly enhances you'd expect from the leaders in audio 


color accuracy and improves picture quality. and video: Home Theater so advanced, 


e picture source is a Pioneer LaserDisc Plaver, a vou don t just watch it” 
The pict P І Disc Play you don't just watch it 


f Qur new Pro Vision 
SD-P5065K Projection TV 
incorporalea a bout of 
technological innovations, 
Pictured bere is an actual 
on-acreen image. 


The new Pioneer S-V40LK Home 
The afer Exp rence Speaker 
collection & customized for our 
Home Theater Surround Sound 


[' irina на 


M PIONEER а m 
© /997 Pioneer Electronico (USA) Ine, Long Beach, CA. Dolby and Pro Logic are regia- 


The Art of Entertainment tered trademarks of Dolby Laboratories Licensing Corporation. © 1991 Carolco Pictures 
Inc. All rights reserved. The depiction of ENDOSKELETON is a trademark of Carolo. 


"IF ONLY TOYOTA MADE 
A BIGGER TRUCK. 


8 i | 
| 
| 


| not by chance that Toyota has long been one of Americas best-selling compact 
trucks. It’s because of the quality. The reliability. And it’s because of the way they 
last. So it's only natural for people who have owned Toyota Trucks, but who now 
need a larger truck, to wish that Toyota made bigger trucks, too. Апі пот же йо. 1—4 
Just how big is the Toyota Т 100? Well, to begin with, its bigger in virtually every Expanding on a good idea: size relation 
way than our compact trucks. Bigger, shown between Toyota T 100 2WD and 
even, than so-called “midsize” trucks.  “ombact2WD. 
The large, roomy cab, for example, allows for comfortable 3-across seating. 
The double-wall cargo bed will carry 4x8 panels between the wheelwells. 
And dont worry about the weight. Payloads range as high as ides bs. 
But it's not just size that sets this truck г 
A winning lineup: Toyota T 100 (available їп 2WD TN ds —€— ^ xeu 
00 is amazingly crisp. The ride, 
REN aE SERRE RSEN Ue incredibly smooth. And the power that w | 
surges from its responsive 3.0-liter EFI V6 makes towing up to 5,000 Ibs!" sheer pleasure. — r^ 
So now that the Toyota T 100 is here, theres only one thing left to wish for. And that, of Toyota T100 features roomy 3-across | 
course, is one of your own. Call 1-800-GO-TOYOTA for a Toyota T 100 brochure or the seating and a bed big enough for ; 
location of your nearest dealer. yy Н: 


“I love what you do for me? 
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INTRODUCING THE TOYOTA T100. ea 
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